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MIDDLE AND UPPER ORDOVICIAN NAUTILOID CEPHALOPODS
OF THE CINCINNATI ARCH REGION OF KENTUCKY, INDIANA,
AND OHIO

By RoBERT C. FREY

ABSTRACT

This paper describes the taxonomy, phylogenetic relations, bios-
tratigraphy, biogeography, and paleoecology of 50 species and 30 genera
of Middle and Upper Ordovician (Rocklandian to Richmondian) nauti-
loid cephalopods from the Cincinnati arch region of Kentucky, Indiana,
and Ohio. The study centers on collections of silicified material made by
the U.S. Geological Survey and the Kentucky Geological Survey during
the geologic mapping program of the State of Kentucky. This material,
primarily of Middle Ordovician age, is augmented by additional nonsilic-
ified specimens from the Upper Ordovician Cincinnatian Provincial
Series in Kentucky, Indiana, and Ohio.

Silicifed collections from the Ordovician of Kentucky yielded a
number of more or less complete, uncrushed, nautiloid specimens that
commonly preserve the details of the shell's external ornament. Key
internal features, such as connecting rings and septal necks, are often
lacking, complicating systematic placement of some orthocerid taxa.
Critical cameral and endosiphuncular deposits are, however, well pre-
served in some actinocerid and endocerid taxa. Well-preserved nauti-
loids from the Cincinnatian Provincial Series consist primarily of
calcitereplaced internal molds from clay shale units in Indiana and
Ohio, and from the Leipers Limestone in south-central Kentucky. Addi-
tional well-preserved, but fragmentary nautiloids also occur in the Hitz
Limestone Member of the Saluda Formation (Richmondian) in south-
eastern Indiana and in equivalent rocks in adjacent portions of northern
Kentucky.

Nautiloids from the Tyrone Limestone (Middle Ordovician, Rock-
landian) in central Kentucky consist of 18 species belonging to 14 gen-
era, representing 6 nautiloid orders. This fauna is characterized by an
abundance of small longicones, namely, the baltoceratids Cartersoceras
and Murrayoceras and the orthocerids Pojetoceras and Proteoceras,
plus the large actinocerid Actinoceras, the large endocerid Vaginoceras,
the annulated orthocerid Monomauchites, and a number of oncocerids:
species of Oncoceras, Beloitoceras, Maelonoceras, and Laphamoceras.
The coiled tarphycerid Plectoceras is also present, but typically is repre-
sented by fragmentary specimens.

Nautiloid faunas in the overlying Lexington Limestone (Middle
Ordovician, Kirkfieldian and Shermanian) in central Kentucky are less
diverse, being most abundant in collections from low-energy, deeper-
water facies in the Logana Member and Grier Limestone Member.

Manuscript approved for publication May 31, 1994.

Faunas consist of abundant small longicones, primarily the orthocerid
Isorthoceras, and lesser numbers of the orthocerids Gorbyoceras and
Polygrammoceras, the endocerid Cameroceras, and the oncocerids
Oncoceras and Allumettoceras. Nautiloid faunas increase in diversity
toward the top of the Middle Ordovician section in northern Kentucky.
Isorthoceras occurs in association with the orthocerids Ordogeisonoc-
eras and Treptoceras and with the small coiled tarphycerid Trocholites
in the Point Pleasant Tongue of the Clays Ferry Formation.

A low-diversity nautiloid fauna consisting of the small orthocerid
Treptoceras and the endocerid Triendoceras? occurs in the basal por-
tions of the succeeding Cincinnatian Provincial Series in the Kentucky-
Indiana-Ohio area (Kope Formation, Edenian, and Maysvillian). Abun-
dant well-preserved specimens of several species of the orthocerid Trep-
toceras and the large endocerid Cameroceras occur in younger
Maysvillian to early Richmondian blocky claystone facies within the
Fairview, Grant Lake, and Bull Fork Formations. A diverse nautiloid
fauna characterized by the abundance of the large discosorid Fabero-
ceras and the slender oncocerid Augustoceras, as well as the ubiquitous
Treptoceras and Cameroceras occurs in the Leipers Limestone (Maysvil-
lian) in the valley of the Cumberland River in south-central Kentucky.

Younger Richmondian nautiloid faunas in the upper part of the
Cincinnatian Provincial Series in the region consist of a diverse set of
immigrant taxa, more characteristic of older or equivalent carbonate
facies exposed in the Western United States, Canada, and northerm
Greenland. These faunas are species of the orthocerids Gorbyoceras and
Pleurorthoceras, the ascocerid Schuchertoceras, the actinocerids
Armenoceras and Lambeoceras, the coiled tarphycerid Charactoceras,
and numerous oncocerids. The latter include Beloitoceras, Neumato-
ceras, Manitoulinoceras, Oonoceras, and Diestoceras. These taxa are
common to facies within the Saluda, Whitewater, upper part of the Bull
Fork, and Drakes Formations in Indiana, southwestern Ohio, and north-
central Kentucky.

Several families within the order Orthocerida are redefined, and
the diagnostic morphologic features of the endocerids Cameroceras and
Vaginoceras are clarified. Three new genera, all members of the order
Orthocerida, are described. These are Pojetoceras, type species P. flow-
eri, new species, from the Tyrone Limestone in Kentucky; Ordogeisono-
ceras, type species O. amplicameratum (Hall), from the Point Pleasant
Tongue of the Clays Ferry Formation in northerm Kentucky; and Rich-
mondoceras, type species R. brevicameratum n. sp., from the Saluda
Formation in Indiana and the upper part of the Bull Fork Formation in
Ohio. Additional new species described here are Cartersoceras popei,
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Monomuchites obliquum, M. annularis, and Oncoceras major, all from
the Tyrone Formation in central Kentucky; Cameroceras rowenaense
from the Leipers Limestone in south-central Kentucky; and Trien-
doceras? davisi from the Kope Formation in northern Kentucky.

Nautiloids from Middle and Upper Ordovician strata in the Cincin-
nati arch region can be divided into four major time-bounded faunas,
separated by regional environmental and (or) biological events. A major
extinction of nautiloid taxa coinciding with a widespread sea-level
regression and a catastrophic volcanic event separates the diverse, trop-
ical “Black River” fauna (Chazyan to Rocklandian) from the
species-poor “Trenton” fauna characteristic of the Lexington Limestone
(Kirkfieldian and Shermanian). A regional transgressive event coupled
with an increase in clastic sedimentation in the area led to the develop-
ment of the “Cincinnatian” fauna characteristic of Edenian to early Rich-
mondian strata across the area. This fauna is superseded by the
“Richmondian” fauna in the middle and late Richmondian, following
another regional transgressive event and a shift to more carbonate-rich
lithofacies. This fauna is an immigrant fauna that was derived from older
Edenian and Maysvillian faunas characteristic of carbonate platform
facies in western and arctic portions of North America. This “Richmon-
dian” fauna was terminated by the Late Ordovician mass extinction
event, which is associated with the withdrawal of epeiric seas from the
Cincinnati arch region.

INTRODUCTION

This study is one of a series of papers documenting
the Ordovician fossils of the Cincinnati arch region of
Kentucky, Indiana, and Ohio. Previous chapters in this
series are the introductory chapter, Chapter A, by Pojeta
(1979); papers on the articulate brachiopods, Neuman
(1967), Chapter B (Alberstadt, 1979), Chapter C (Howe,
1979), Chapter L (Pope, 1982), and Chapter M (Walker,
1982); trepostome and cystoporate bryozoans, Chapter I
(Karklins, 1984); corals, Chapter N (Elias, 1983); symmet-
rical univalved mollusks, Chapter O (Wahlman, 1992); tri-
lobites, Ross (1967), Chapter D (Ross, 1979); ostracodes,
Chapter H (Warshauer and Berdan, 1982); and Chapter J
(Berdan, 1984); echinoderms, Chapter K (Parsley, 1981);
edrioasteroids, Chapter E (Bell, 1979); asteroids, Chapter
F (Branstrator, 1979); and a discussion of conodont fau-
nas and their biostratigraphy in the region, Chapter G
(Sweet, 1979).

This chapter describes the nautiloid cephalopod fau-
nas of the Middle Ordovician (Rocklandian) Tyrone Lime-
stone and the overlying Middle Ordovician (Kirkfieldian
and Shermanian) Lexington Limestone from the Blue
Grass region of central and north-central Kentucky. Addi-
tional nautiloids from the Upper Ordovician Cincinnatian
Provincial Series in northern Kentucky, the Cumberland
region of south-central Kentucky, and portions of Indiana
and southwestern Ohio are also described. An index map
of the area of this report is presented by Pojeta (1979,
fig. 3).

With a few notable exceptions, nautiloid cephalo-
pods from the Ordovician section exposed in the study
area, especially faunas from the Middle Ordovician

Tyrone Limestone and Lexington Limestone, have not
been previously extensively studied in a comprehensive
manner. S.A. Miller (1875) described and illustrated a
number of species of “Orthoceras” and “Cyrtoceras,” pri-
marily from the Cincinnatian Provincial Series exposed in
the Cincinnati, Ohio, area. Hall and Whitfield (1875)
described the additional species, Orthoceras carleyt, O.
duseri, O. turbidum, and Gomphoceras eos., from Upper
Ordovician strata exposed in southwestern Ohio. James
(1886) published a compendium of the described Ordovi-
cian cephalopod taxa from the Cincinnati area, consisting
of brief descriptions and notations on the occurrence of
these taxa within these rocks. Miller and Faber (1894)
described Orthoceras ludlowense and O. albersi from the
Middle Ordovician rocks of north-central Kentucky and
Gomphoceras indianense from Cincinnatian strata in
Indiana. Cumings (1908) presented descriptions and illus-
trations of a number of the more common species of nau-
tiloids that had been described from Upper Ordovician
strata in Indiana over the previous half century. Foerste
(1910) identified the endocerid Suecoceras inaequabile
(Miller) from the Waynesville Formation in Ohio,
described Orthoceras hammelli from the Hitz Limestone
Member of the Saluda Formation in Indiana, and Ortho-
ceras bilineatum-frankfortense and Orthoceras (Loxo-
ceras) milleri from what he called the Trenton Limestone
of the Blue Grass region of Kentucky. In a second paper,
Foerste (1912) described Orthoceras tyronensis from the
Tyrone Limestone in central Kentucky. Bassler (1915)
included Ordovician nautiloids from the region in his
index of Ordovician and Silurian fossils, borrowing
heavily from a list of taxa and their occurrences provided
by Nickles (1902). Foerste (1914a) described Orthoceras
rogersensis from the “Cynthiana Formation” exposed at
Rogers Gap in north-central Kentucky. Foerste published
a number of papers through the 1920’s and early 1930,
illustrating and redescribing a number of nautiloids from
the Ordovician strata exposed in the area. The same
author (Foerste, 1928b) erected the new genus Troeds-
sonoceras and figured and described under this name a
specimen from the Leipers Formation of south-central
Kentucky. Foerste (1929b) figured the apical end of an
endocerid from Richmondian rocks in Indiana and
described and illustrated Trocholites faberi from the
“Cynthiana Limestone” of north-central Kentucky.

The first modern systematic study of nautiloids from
the region was the study by Foerste and Teichert (1930)
describing actinocerid cephalopods from Kentucky and
adjacent portions of Tennessee and Missouri. This paper
provided detailed descriptions and photographic plates of
six species of Actinoceras and one species of Ormoceras
from the Tyrone Limestone in central Kentucky, one spe-
cies each of Actinoceras and Deiroceras from the Curds-
ville Limestone Member of the Lexington Limestone in
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the same area, and Ormoceras? covingtonense from the
“Maysville Group” (Upper Ordovician) of northern Ken-
tucky. Flower (1942) described an unusual nautiloid fauna
from a lens within the Middle Ordovician “Cynthiana
Limestone” exposed at the Poindexter Quarry in
north-central Kentucky. This paper was followed by his
classic monograph on nautiloid cephalopods from the
Cincinnati area (Flower, 1946). This volume reviewed
nautiloid systematics, the history of nautiloid study in the
region, the distribution of nautiloids throughout the
Ordovician strata exposed in the Kentucky-Indiana-Ohio
area, and provided descriptions and photographic plates
of numerous new and previously described nautiloid taxa.
Flower’s study concentrated on species from younger
Cincinnatian rocks in the Cincinnati area, but omitted dis-
cussions of the abundant orthocerid and endocerid nauti-
loids present in these strata, deferring description and
study of these forms to a later time.

Since the publication of Flower’s monograph, very lit-
tle has been published concerning the paleontology of
nautiloids from the Ordovician of the Kentucky-
Indiana-Ohio area. Flower (1955¢) described trace fossils
he ascribed to nautiloid activity from the “McMillan For-
mation” at Cincinnati, Ohio, and later (Flower, 1957b)
described the paleoecology of several nautiloid assem-
blages from the Cincinnatian Provincial Series in south-
western  Ohio.  Aronoff (1979) documented the
morphological distinctiveness of the actinoceroid Ortho-
nybyoceras Shimizu and Obata, type species O. coving-
tonense from the Upper Ordovician of northern Kentucky,
and the orthocerid Treptoceras Flower, type species T.
dusert, from equivalent strata in southwest Ohio. Frey
(1981) noted the presence of the aberrant orthocerid nau-
tiloid Narthecoceras in Upper Ordovician rocks in south-
western Ohio and discussed its paleobiogeographic
significance. Frey (1988, 1989) described the paleoecol-
ogy of a well-preserved nautiloid fauna from the Trepio-
ceras dusert shale unit in southwestern Ohio, illustrating
anumber of the taxa present.
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REGIONAL ORDOVICIAN PALEOGEOGRAPHIC
' SETTING

The Ordovician strata exposed in the Cincinnati arch
region of Kentucky, Indiana, and Ohio were deposited on
the southeastern portion of a cratonic platform that made
up much of the Laurentian continent in the early Paleo-
zoic. Modern paleogeographic reconstructions for the
Ordovician (Scotese and McKerrow, 1990) place the Ken-
tucky-Indiana-Ohio area in tropical or subtropical lati-
tudes, 20°-30°S of the Ordovician equator and within the
“carbonate belt” (Witzke, 1990). For much of the Ordovi-
cian, this region was inundated by a shallow epicontinen-
tal seaway, its lithofacies, fossils, and sedimentary
structures all indicating intertidal to subtidal marine con-
ditions and maximum water depths of 82-98 ft (25-30 m).

The central Kentucky Blue Grass region was the site
of nearly continuous, very shallow water, carbonate plat-
form deposition throughout much of Ordovician time
(Cressman, 1973; Cressman and Noger, 1976). Adjacent
portions of the northern Kentucky-Indiana-Ohio area
formed the shallow, northward-ramping margin of what
has been termed the Lexington Platform by Mitchell and
Bergstrom (1991) and gently sloped toward deeper water
basins to the north and west (Cressman, 1973) (fig. 1).
Throughout the Ordovician, a series of volcanic island-
arcs collided with the eastern margin of the Laurentian
continent, culminating in the Middle Ordovician Taconic
orogeny. This resulted in the formation of a rising land-
mass that produced a clastic source area along the east-
ern margin of the continent (Bird and Dewey, 1970;
Ettensohn, 1991). Vast quantities of detrital sediments
were eroded from this Taconic landmass and were depos-
ited as the Queenston delta, which spread clastic sedi-
ments north and west into adjacent epeiric sea-shelf areas
(Denison, 1976). These clastic sediments, mostly fine silt
and clay, began to appear in the Kentucky-Indiana-Ohio
area in the late Middle Ordovician (Kirkfieldian) and
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KILOMETERS

Ficure 1l.—Late Middle Ordovician (Kirkfieldian and Shermanian)
paleogeography in Eastern North America (Laurentia). Volcanic island
arcs occur in the Taconic foreland basin. Star symbol indicates
probable source area for Deicke Bentonite bed (modified from
Mitchell and Bergstrom, 1991).

increased throughout the succeeding Late Ordovician. | Provincial Series (Hay, 1981; Tobin, 1982; Shrake and oth-
This sediment influx resulted in the deposition of increas- | ers, 1988).
ingly clastic lithofacies in the region, from the pure car-

bonates of the Middle Ordovician High Bridge Group to
the dominantly mudstone facies at the top of the Upper ORDOVICIAN LITHOSTRATIGRAPHY

Ordovician Cincinnatian Provincial Series. IN THE CINCINNATI ARCH REGION

In addition to the effects of tectonism in the east,
sedimentation in the Cincinnati arch area in the Ordovi-

cian was affected by sea-level fluctuations that resulted in | #® e@osed at the sgrface along a series of noxth.-south-
the development of at least three post-Tyrone Limestone | trending structural highs that extend across portions of

transgressive-regressive cycles, at least one cycle during | central Tennessee, central Kentucky, western Ohio, and
the deposition of the Middle Ordovician Lexington Lime- | €astern Indiana. This north-south trend roughly parallels
stone (Cressman, 1973) and two or three during the | the trend of the Appalachian basin to the east. Wahlman
deposition of the Upper Ordovician Cincinnatian | (1992) used the term “Cincinnati arch” for this entire

Ordovician rocks in the East-Central United States




MIDDLE AND UPPER ORDOVICIAN NAUTILOID CEPHALOPODS, CINCINNATI ARCH REGION P5
SERIES |STAGES SE INDIANA SW OHIO CENTRAL KENTUCKY CENTRAL TENNESSEE
j =t
2 Whitewater
s Formation
Q Saluda
i Bull Fork
_(:E) Formation FoLrlma(t:;[m Drakes Formation
s
[ “Grant Lake Limestone — T - —
p= rant Lake Limestone Ashlock Fernvale and Arnheim
<—( 5 Dillsboro Formation Formations
= = Formation undivided
<Z( a Bellevue N
zZ § Limestone Fairvie.w Leipers
S | Formation Calloway Creek Limestone
= I Limestone — . —
© Inman
Garrard Siltstone Formation
& Kope o
5 Formatio ays
g ation Ferry Catheys
. Formation Formation
- Z __ __ - ]
Point Pleasant Tongue of Clays Ferry Formation
=
o
s "Utica Shale" Bigby and Cannon
£ Limestones
= 2 Lexington undivided
<_( n
Z
< _— . — . — s —— . — ———— —_— — s —e——— . —— — —_— e, — —— — — ——]
|
o c
= o )
P X 5 Limestone Hermitage
T 8 Formation
O
% .5 Not exposed Tyrone Stones River
8 “éu Limestone Group

Ficure 2.—Lithostratigraphic relations of Middle and Upper Ordovician stratigraphic units in the Cincinnati arch region of
Kentucky, Indiana, Ohio, and Tennessee (modified from Wahlman, 1992; after Sweet, 1979).

structural trend. He noted that the arch consisted of five
primary structural elements. These are, from north to
south, the Kankakee arch of Indiana and the Findlay arch
of Ohio, which merge near Cincinnati; the Jessamine
dome in central Kentucky; the Cumberland sag of the
Kentucky-Tennessee border; and the Nashville dome of
central Tennessee. The nautiloid faunas described here
come from the Ordovician strata exposed in the Cumber-
land sag in south-central Kentucky, in the vicinity of the
Jessamine dome in central Kentucky, and northward from
the tristate region of northern Kentucky, southeastern
Indiana, and southwestern Ohio.

Specifically, nautiloid faunas described here were
collected from the Tyrone Limestone of the Middle Ordov-
ician High Bridge Group and the overlying Middle-Upper
Ordovician Lexington Limestone, both exposed in the
Inner Blue Grass region of central Kentucky. Additional
nautiloid specimens are described from the Upper Ordov-
ician Cincinnatian Provincial Series exposed in northern

Kentucky and adjacent portions of Indiana and Ohio.

These consist of nautiloids from the Clays Ferry and Kope
Formations in northern Kentucky; the Leipers Limestone
in south-central Kentucky; the Fairview, Grant Lake, and
Bull Fork Formations in southwestern Ohio; and the Dills-
boro Formation, the Saluda Formation, and the Hitz Lime-
stone Member of the Saluda Formation in southeastern
Indiana (fig. 2). Brief descriptions of most of these litho-
stratigraphic units are found in the work by Pojeta (1979).
More detailed descriptions of the Tyrone Limestone are
found in Cressman and Noger (1976), descriptions of the
various members of the Lexington Limestone in Cress-
man (1973), and descriptions of a majority of the Upper
Ordovician lithostratigraphic units are in Weir and others
(1984). Wahlman (1992) also gave an extensive account of
the regional Ordovician lithostratigraphy and nomencla-
tural history of these stratigraphic units. The present
work has only a broad overview of Ordovician lithos-
tratigraphy and depositional environments across the
northern Cincinnati arch region during the time of deposi-
tion of the Tyrone Limestone, the Lexington Limestone,
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and the Cincinnatian Provincial Series. An expanded
description of the Tyrone Limestone is provided, as this
formation was not extensively discussed by either Pojeta
(1979) or Wahlman (1992), and it is the source of a large
collection of nautiloids that is described here for the first
time.

MIDDLE ORDOVICIAN CHAMPLAINIAN
PROVINCIAL SERIES LITHOSTRATIGRAPHY
IN KENTUCKY

HIGH BRIDGE GROUP

The High Bridge Group consists of 590-750 feet (ft)
(180-229 meters (in)) of high-calcite limestone and dolo-
stone and is exposed in the Inner Blue Grass region of
Kentucky, primarily in the gorge of the Kentucky River
and tributaries southwest of Lexington. The High Bridge
Group, Middle Ordovician (Blackriveran and Rocklan-
dian) in age, consists of the oldest strata exposed in Ken-
tucky. In ascending order, it consists of the
shallow-marine, burrow-mottled Camp Nelson Limestone
(Blackriveran); the intertidal dolostone and cryptalgal
limestones of the Oregon Formation (Blackriveran); and
the complex intertidal and shallow subtidal marine facies
of the Tyrone Limestone (Blackriveran-Rocklandian). In
this study, only Tyrone Limestone taxa were examined.

Tyrone Limestone.—In central Kentucky, the Tyrone
Limestone is 55-155 ft (1747 m) thick, thickening at the
expense of the underlying dolostone and dense limestone
of the Oregon Formation. Cressman and Noger (1976) and
Kuhnhenn and others (1981) describe the formation as
consisting of basal argillaceous dolomitic micrite (6-50 ft
thick), followed by up to 50 ft of interbedded micrite, bio-
pelmicrite, and biopelsparite, and an upper 40-ft interval
consisting of interbedded argillaceous dolomitic micrite,
cherty burrowed micrite, and biopelmicrite. The forma-
tion thins to the north and east within the central Ken-
tucky area. The Tyrone Limestone is conformable with
the underlying Oregon Formation but has a disconform-
able contact with the overlying Lexington Limestone.

Two distinct altered volcanic ash beds occur in the
upper half of the formation and can be correlated with
similar K-bentonite beds in the upper Mississippi valley,
central Tennessee, and the southern Appalachians (Huff
and Kolata, 1990; Bergstrom and others, 1991). The Pencil
Cave bentonite of drillers occurs about 21 ft (7 m) below
the top of the formation and can be traced throughout the
outcrop area (Cressman and Noger, 1976). The Mud Cave
bentonite of driller, when present, marks a disconformity
between the Tyrone and the overlying Lexington Lime-
stone. The Mud Cave bentonite is locally eroded away at
the contact with the Lexington Limestone, particularly in
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the area north of the Kentucky River in central Kentucky
(Cressman, 1973, fig. 7).

Cressman and Noger (1976) described the various
lithofacies within the Tyrone Limestone as being repre-
sentative of alternating supratidal islands (mud-cracked
argillaceous dolostone), intertidal mudflats (burrowed
micrite with ostracodes), and shallow, subtidal marine
conditions (fossiliferous micrite and biopelsparite). The
latter facies contains a fauna that consists of the coral
Tetradium, bryzoans, gastropods, polyplacophorans, nau-
tiloids, and pelecypods. Subtidal marine facies thicken to
the south from the type locality at Tyrone, in Woodford
County, Ky.

Ross and others (1982) assigned a Middle Ordovician
(Blackriveran and Rocklandian) age to the Tyrone Lime-
stone in the Lexington region of central Kentucky. These
authors correlate the Tyrone Limestone with the lower
half of the Carters Limestone in central Tennessee; the
Ottosee Shale, Mocassin Limestone, and Eggleston For-
mation in eastern Tennessee; the upper half of the Platte-
ville Formation and the basal portion of the Decorah For-
mation in Iowa, Missouri, Wisconsin, and Minnesota and
the Platteville Group, Decorah “Subgroup” in Illinois; and
the Watertown, Selby, and Napanee Limestones in New
York.

All of the Tyrone nautiloids described here are from
USGS collection 6034-CO. This silicified collection is from
a hard, white to gray, crystalline fossiliferous limestone
unit, 3 ft thick, exposed 25 ft (8 m) below the Pencil Cave
bentonite. This unit is well exposed in roadcuts along
Watts Mill Road, 0.8 mi (1.3 km) south of Sulfur Well, Jes-
samine County, Ky. (Little Hickman 7.5 min. quadrangle,
Little Hickman A section). Petrographically, this lime-
stone would be classified as a biopelsparrudite (classifi-
cation of Folk, 1962) or a fossiliferous grainstone
(classification of Dunham, 1962). The unit contains poorly
sorted whole and fragmentary silicified shells of nauti-
loids, gastropods, solitary corals, trepostome bryozoans,
and pelecypods, plus intraclasts consisting of subrounded
fragments of micrite, all in a matrix of sand-sized peloidal
and skeletal grains.

LEXINGTON LIMESTONE

The Lexington Limestone, Middle Ordovician and
Late Ordovician (Kirkfieldian to Edenian) in age, is well
exposed in the Inner Blue Grass region of central Ken-
tucky (Sweet, 1979; Wahlman, 1992). The formation con-
sists of approximately 300 ft (98 m) of thin-bedded
fossiliferous limestone, calcarenite, and calcilutite, and
lesser amounts of clay shale and siltstone. The formation
(Pojeta, 1979, p. A10) has been divided into 12 named
members and several named beds (fig. 3). Limestone
facies have more siliciclastic sediments than those of the
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Ficure 3.—Facies relations among the lithostratigraphic units
of the Lexington Limestone and Clays Ferry Formation in
central Kentucky. Taken from Wahlman (1992) who
modified the figure from Cressman (1973) and an
unpublished Cressman figure. Cressman (written

underlying Tyrone Limestone, reflecting an increase in the
influx of sediments from the rising tectonic belts to the
east. Many of these carbonates also differ texturally from
Tyrone lithologies in being coarser grained shelly pack-
stone and grainstone in contrast to the fine-grained, dense
micritic limestone, dolostone, and cryptalgal limestone of
the Tyrone Limestone. Beginning with deposition of the
Lexington Limestone, the abundance and diversity of
shelly benthic filter-feeding faunas increases, especially
brachiopods, bryozoans, pelecypods, and crinoids. This is
in contrast to the typically lower diversity Tetradium-
ostracode-mollusk biota characteristic of marine facies
within the Tyrone Limestone. Lithofacies and faunas col-
lectively indicate a change from a restricted, low-energy
carbonate platform that consisted of a mosaic of subtidal
marine coralline thickets, shallow-marine lagoons, and
intertidal mudflats (Cressman and Noger, 1976, Kuhnhenn
and others, 1981) to a more open-shelf, higher energy,
subtidal marine carbonate ramp complex that dipped to
the north (Cressman, 1973).

Coeval with the carbonate ramp environments of the
Lexington Limestone in Kentucky were similar carbonate
shelf environments to the south in central Tennessee
(Nashville Group; Wilson, 1949) and to the northeast into
New York (Trenton Group; Titus and Cameron, 1976;
Titus, 1982). Immediately to the northwest of Kentucky
was the Sebree trough, a deeper water linear trough that

commun., January 1994) added the modifications shown
herein: (1) the position of the Strodes Creek Member (SCM)
of the Lexington Limestone and (2) the approximate Middle
Ordovician-Upper Ordovician boundary shown by the dashed
line bearing question marks.

extended from central Ohio southwestward through
southern Indiana, western Kentucky, and western Tennes-
see (fig. 1). This trough was the site of graptolitic shale
deposition (Cressman, 1973; Bergstrom and Mitchell,
1990). A shallow-water carbonate shelf flanked this
trough to the northwest and was continuous from Iowa in
the west (Galena Formation), northeastward into Ontario
and Quebec (Simcoe and Ottawa Groups).

In Kentucky the basal member of the Lexington
Limestone, the Curdsville Limestone Member (Kirkfield-
ian), records the initial marine transgression over the
eroded surface of the Tyrone Limestone. The Curdsville
Limestone Member consists of 2040 ft of cross-bedded
basal grainstone beds that grade up into lower-energy fos-
siliferous packstone and grainstone beds having a diverse
fauna of brachiopods, bryozoans, pelecypods, trilobites,
and crinoids. The Curdsville Limestone Member is over-
lain conformably by the interbedded, thin, planar, argilla-
ceous limestone and shale of the Logana Member
(Kirkfieldian), up to 50 ft thick, thickening north across
central Kentucky, or the nodular Grier Limestone Member
(fig. 3). Cressman (1973) indicated that the Logana Mem-
ber represented the height of the initial marine transgres-
sion, deposited under quiet-water conditions at water
depths below wave base and containing a more sparse
fauna of dalmanellid brachiopods, bryozoans, pelecy-
pods, univalved mollusks, and nautiloids. The Logana
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Member interfingers with and is overlain by the Grier
Limestone Member (Kirkfieldian and Shermanian), con-
sisting of 100-180 ft of thin, irregularly bedded, often nod-
ular, very fossiliferous limestone. These limestones
contain a diverse marine fauna of brachiopods, bryozo-
ans, and crinoids in coarser grained lithologies and ostra-
codes, univalved mollusks, and pelecypods in finer
grained, more argillaceous lithologies. Cressman (1973)
inferred that the Grier Limestone Member was deposited
under shallow-water (less than 50 ft deep), well-aerated,
but normally low energy subtidal marine conditions.

In latest Middle Ordovician and earliest Late Ordovi-
cian times (Shermanian-Edenian), there was subsidence
in the southern half of the Lexington platform and the for-
mation of a west-northwest-trending bank (Tanglewood
bank of Hrabar and others, 1971) across the north-central
portion of the platform (Cressman, 1973, pls. 9c—d). Inter-
bedded, thin argillaceous limestone and shale of the Bran-
non Member were deposited in the subsiding basin to the
south. High-energy grainstone facies were deposited in
the vicinity of the bank (Tanglewood Limestone Member).
Nodular, very fossiliferous limestones of the Millersburg
Member were deposited to the east (Cressman, 1973, pls.
9c-d). These extensively bioturbated limestones were
deposited in shallow marine subtidal environments in
water depths of less than 45 ft. Between the Tanglewood
Limestone Member and Millersburg Member in the
east-central Blue Grass region there occurs the Strodes
Creek Member of the Lexington Limestone. This unit con-
sists of up to 30 ft of “bouldery” gray, micrograined lime-
stone and  characteristically abundant, large
stromatoporoids. Black and Cuppels (1973) inferred
low-energy, quiet-water, mud-bottom marine conditions
for the Strodes Creek Member and development of local
stromatoporoid biostromes. These biostromes provided a
habitat for a diverse fauna of orthid and rhynchonellid
brachiopods, bryozoans, the coral Favistina, pelecypods,
univalved mollusks, nautiloids, trilobites, and ostracodes.
Other named members and named beds of the Lexington
Limestone are discussed by Cressman (1973) and Pojeta
(1979).

Above the Lexington Limestone, thin-bedded, planar
packstones and clay shales of the Clays Ferry Formation
were deposited at the northward-sloping northern edge of
the platform in deeper water, low-energy, mud-bottom
environments. Water depths in these environments were
estimated by Cressman (1973) to have exceeded 80 ft (24
m), below fair-weather wave base, but within the zone of
storm-current reworking. These facies extend north into
Ohio as the Point Pleasant Tongue of the Clays Ferry For-
mation (Swadley and others, 1975). The Point Pleasant
Tongue consists of 100 ft of interbedded fossiliferous
limestone and shale that underlies the Kope Formation in
the Cincinnati, Ohio, area.

CONTRIBUTIONS TO THE ORDOVICIAN PALEONTOLOGY OF KENTUCKY AND NEARBY STATES

UPPER ORDOVICIAN CINCINNATIAN
PROVINCIAL SERIES LITHOSTRATIGRAPHY

The Upper Ordovician (Edenian to Richmondian)
Cincinnatian Provincial Series continues the trend initi-
ated in the underlying Lexington Limestone, namely litho-
facies indicating the increasing influx of fine-grained
clastic sediments into the northern Cincinnati arch region
from the Taconic landmass to the east. These lithofacies,
collectively as much as 985 ft (323 m) thick, consist pri-
marily of interbedded clay shale, fossiliferous wacke-
stone and packstone, having less amounts of siltstone,
dolomitic mudstone, and dolomitic limestone. Marine fau-
nas are diverse and abundant in most of these facies,
dominated by brachiopods, trepostome bryozoans, and
crinoids in skeletal facies and by mollusks and trilobites
in mudstone facies (Frey, 1987b).

The tristate area surrounding Cincinnati, Ohio (Ken-
tucky-Indiana-Ohio), exposes the type section for the
Upper Ordovician Cincinnatian Provincial Series of North
America. The Cincinnatian Provincial Series is divided
into three stages. These are, in ascending order, the Ede-
nian, the Maysvillian, and the Richmondian Stages. The
following overview of Upper Ordovician lithostratigraphy
in the region is organized by stage and presented in
ascending order. The complex facies relations of these
formations across the Cincinnati arch region are illus-
trated in figure 2.

EDENIAN STAGE

During Edenian time, transgressive conditions were
prevalent across much of the northern Cincinnati arch
region, inundating much of the Lexington platform under
shallow seas having water depths of at least 80 ft (24 m).
These low-energy, muddy-bottom environments were the
site of the deposition of the widespread clay shale and
thin limestone of the Clays Ferry Formation, which reach
a maximum thickness of 250 ft in the southwestern Outer
Blue Grass region (Weir and others, 1984, pl. 9). To the
north, the Clays Ferry Formation interdigitates with the
more clastic-rich facies of the Kope Formation, thinning
northward due to the thickening wedge of mudstone and
shale of the Kope (up to 280 ft thick in southwestern
Ohio). Biotas in both formations are most common in the
thin wackestone or packstone beds and consist of small
dalmanellid and plectambonitid brachiopods, bryozoans,
small pelecypods, gastropods, monoplacophorans, nauti-
loids, trilobites, ostracodes, and crinoids. These
low-energy, mud-bottom environments were periodically
reworked by storm events, commonly resulting in sets of
storm-formed “tempestite” beds consisting of fining-up
packets of packstone/grainstone-siltstone-shale (Hay and
others, 1981; Meyer and others, 1981, Tobin, 1982;
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Kepferle and others, 1987; Shrake and others, 1988). In
the northern Kentucky—-southwestern Ohio area there is
an increase in limestone beds upsection, indicating a shal-
lowing of conditions upward toward the partially equiva-
lent and overlying more calcareous, shallow-water
Fairview Formation.

MAYSVILLIAN STAGE

Shallower water marine conditions returned to the
Lexington platform area in central Kentucky in Maysvil-
lian time, resulting in the deposition of the thin-bedded,
locally nodular, fossiliferous limestone of the Calloway
Creek Limestone across much of the central Kentucky
region. The even-bedded fossiliferous limestone and shale
of the Fairview Formation were deposited at the same
time in somewhat deeper water environments at the
northern edge of the platform in the northern Kentucky-
southwestern Ohio area. These latter strata, 40-130 ft
thick, represent transitional environments between the
deep-water, transgressive conditions associated with the
underlying Kope Formation and the very shallow water,
locally shoaling conditions, inferred for basal portions of
the overlying Grant Lake Limestone. Preserved biotas in
these carbonate facies are dominated by diverse brachio-
pods and trepostome bryozoans, evidence of the develop-
ment of dense bryozoan thickets that supported large
populations of “nestling” brachiopod species. Associated
with these thicket facies are lesser numbers of mollusks,
trilobites, ostracodes, and crinoids.

By late Maysvillian time, restricted, very shallow
water, low-energy environments were prevalent across
the south-central portion of the Lexington platform,
resulting in the deposition of the sparsely fossiliferous
calcitic and dolomitic mudstone and micrograined lime-
stone of the Ashlock Formation (Weir and others, 1984).
More fossiliferous, open-marine facies of the Grant Lake
Limestone were deposited to the north in the Maysville
and Covington, Ky., areas. This formation, consisting of
up to 160 ft of irregularly bedded, poorly sorted fossilifer-
ous limestone, extends northward into southwestern
Ohio, where it contains more shale as a result of the
somewhat deeper water, lower energy, bottom conditions
inferred for this area at this time (Schumacher and others,
1991).

Coeval with the above-stated lithostratigraphic units
are the irregularly bedded, nodular, fossiliferous lime-
stone and thin shale of the Leipers Limestone, exposed in
the Cumberland sag region along the Kentucky-Tennessee
State line. This formation, up to 180 ft thick in this area,
overlies the even-bedded limestone of the Catheys Forma-
tion and, in south-central Kentucky, is overlain by the
dolostone and mudstone of the Cumberland Formation
(Weir and others, 1984). Flower (1946) described the
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occurrence of two distinct coralline biostromes in the
lower half of the Leipers Limestone. The inferred environ-
ment of deposition was a shallow-marine, mixed carbon-
ate and clastic bottom that becomes lower energy with
time, the lithofacies becoming more fine-grained upsec-
tion. This normal marine environment had a diverse fauna
of brachiopods, bryozoans, the coral Tetradium, gastro-
pods, nautiloids, pelecypods, ostracodes, and trilobites.

RICHMONDIAN STAGE

Shallow epeiric seas again transgressed across the
northern portion of the Cincinnati arch region in early
Richmondian time, leading to the deposition of the inter-
bedded clay shale and thin fossiliferous limestone of the
Bull Fork Formation (10-240 ft thick) across northern
Kentucky and southwestern Ohio. The lithologically and
faunally similar upper Dillsboro Formation was deposited
at the same time in adjacent portions of southeastern
Indiana (Sweet, 1979). These interbedded shales and lime-
stones were deposited in deeper water, lower-energy envi-
ronments, compared with the underlying, primarily
carbonate facies of the Grant Lake Limestone. Water
depths were below fair-weather wave base but within the
zone of storm-current reworking, similar to those inferred
for the Clays Ferry and Kope Formations (Weir and oth-
ers, 1984). Preserved faunas contains diverse, abundant
brachiopods, bryozoans, corals, stromatoporoids, gastro-
pods, nautiloids, pelecypods, ostracodes, trilobites, and
crinoids.

Very shallow water, restricted marine and intertidal
mudflat conditions continued to occur across central
Kentucky, resulting in the deposition of the dolomitic
mudstone and micrograined limestone of the Ashlock
Formation and the overlying Rowland Member of the
Drakes Formation. Limestone beds in these units com-
monly contain mud cracks (Weir and others, 1984) and
are only sparsely fossiliferous having local occurrences of
brachiopods, bryozoans, gastropods, and ostracodes.

In later Richmondian time, regressive conditions
spread throughout the northern Cincinnati arch region,
the central Kentucky area being the site of complex facies
consisting of alternating thin, shallow-marine and inter-
tidal mudflat lithofacies. These are the coralliferous, thin-
bedded limestone and shale of the Bardstown Member of
the Drakes Formation, 20-65 ft thick, exposed along the
western edge of the OQuter Blue Grass region, and the
maroon and green dolomitic mudstones of the Preachers-
ville Member of the Drakes, 100 ft thick in the southeast-
ern Blue Grass region and thinning to the northwest (Weir
and others, 1984, pl. 7). The latter member is inferred to
represent restricted shallow-marine and intertidal mud-
flat environments that prograded into the northern
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Cincinnati arch region from the southeast, indicative of
the distal edge of the Queenston delta.

The Saluda Formation, consisting of a broad lens of
sparsely fossiliferous dolomitic limestone and calcitic
dolostone, was deposited at the same time along a
north-south trend through southeastern Indiana and
northern Kentucky. The formation (recognized as the
Saluda Dolomite Member of the Drakes Formation in
Kentucky), averages 52 ft in thickness between Madison,
Ind. and Jefferson County, Ky. Thickness decreases north
of Madison, where the formation wedges out due to the
irregularly bedded, very fossiliferous limestones of the
Whitewater Formation, which thickens to 90 ft northward
at Richmond, Ind. The Saluda Dolomite Member thins
southward to a thickness of 20 ft in Marion County, Ky. In
the Madison, Ind.-Jefferson County, Ky., area, the Saluda
Formation or Saluda Dolomite Member is separated from
overlying Silurian limestones by the Hitz Limestone Mem-
ber of the Saluda, or the Hitz Limestone Bed of the Saluda
Dolomite Member for Indiana or Kentucky, respectively,
consisting of up to 15 ft of interbedded, thin, fossiliferous
limestone, shale, and dolomitic limestone (Kepferle,
1976).

Hatfield (1968) described the Saluda Formation as
being deposited under very shallow-water, possibly hyper-
saline, lagoonal conditions that developed behind an ini-
tially northward-advancing and then southward-retreating
coral-sponge bank. The Whitewater Formation and the
Hitz Limestone represent the return of more normal
marine shallow water conditions to the area prior to the
development of the regional erosional surface that sepa-
rates these Ordovician strata from the overlying Silurian
carbonates. Along the east flank of the Cincinnati arch in
southwestern Ohio and adjacent portions of north-central
Kentucky, this erosional surface truncates the upper por-
tions of the Bull Fork Formation or the Preachersville
Member of the Drakes Formation.

DISTRIBUTION AND FAUNAL AFFINITIES
OF ORDOVICIAN NAUTILOIDS
IN THE CINCINNATI ARCH REGION

Study of the Middle and Upper Ordovician nautiloids
of the Cincinnati arch region of Kentucky, Indiana, and
Ohio has led to the recognition of four major
time-bounded Ordovician nautiloid faunas in this region.
These are characteristic of four time intervals: Blackrive-
ran to Rocklandian, Kirkfieldian to early Edenian, middle
Edenian to early Richmondian, and middle Richmondian
to late Richmondian. The Edenian to Richmondian nauti-
loid fauna, in turn, can be further subdivided into three
distinctive subfaunas characteristic of specific time inter-
vals and (or) paleogeographic regions within the
Cincinnatian Provincial Series in the tristate area of
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northern Kentucky, southeastern Indiana, and southwest-
ern Ohio.

The four major nautiloid faunas—“Black River”
(found in the Tyrone Limestone and equivalent units),
“Trenton” (found in the Lexington Limestone and equiva-
lent units), “Cincinnatian” (found in the Kope Formation
through part of the Bull Fork Formation and equivalent
units), and “Richmondian” (found in part of the Bull Fork
Formation through the Saluda Formation and equivalent
units)—are separated by three regional sedimentological-
paleontological events. A regional unconformity and a
major extinction of nautiloid taxa separate the nautiloid
faunas of the Tyrone and Lexington Limestone. A marine
transgression coupled with an influx of clastic sediments
from the rising tectonic areas in eastern Laurentia led to
the more gradual turnover in nautiloid faunas from the
Lexington Limestone to the Edenian Clays Ferry and
Kope Formations. Within the Cincinnatian Provincial
Series, the early Richmondian transgression coincides
with the migration into the Kentucky-Indiana-Ohio area of
the “Richmondian” nautiloid fauna derived from taxa
more characteristic of coeval or slightly older Edenian
and Maysvillian faunas in the Western United States, Can-
ada, the Arctic archipelago, and Greenland (Flower, 1946,
1976; Frey, 1981). Flower (1942, 1946) also indicated an
earlier incursion of these “Arctic” nautiloid taxa into the
area, associated with the latest Shermanian to Edenian
transgressive episode (Clays Ferry and Kope Forma-
tions). These Upper Ordovician nautiloid faunas were ter-
minated by the Late Ordovician mass extinction event
(Sheehan, 1988; Brenchley, 1989) associated with the
withdrawal of epeiric seas from the Cincinnati arch
region.

NAUTILOID FAUNA OF THE TYRONE LIMESTONE

The nautiloid fauna from the 6034-CO collection in
the Tyrone Limestone consists of at least 18 species,
belonging to 14 genera, representing 6 nautiloid orders. A
complete listing of the nautiloid species identified from
this collection is provided in table 1. The collection is
dominated numerically by the small longiconic baltocer-
atids Cartersoceras shideleri Flower (pl. 1, figs. 1-6), C.
popei new species (n. sp.) (pl. 1, figs. 7-10), and Murray-
oceras cf. M. murrayi (Billings) (pl. 1, figs. 12-17), and
the small longiconic orthocerids Pojetoceras floweri n. sp.
(pl. 2, figs. 1-9) and Proteoceras tyronensis (Foerste) (pl.
4, figs. 1-7). Small, typically fragmentary specimens of
oncocerid nautiloids are second in abundance to the
small longiconic taxa. Many of these specimens, however,
are too incomplete to identify to the genus. Identified
oncocerids from the 6034-CO collection are Oncoceras
magor n. sp. (pl. 19, figs. 11-15), Beloitoceras cf. B.
huronense (Billings) (pl. 20, figs. 3P6), Laphamoceras cf.
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TapLe 1.—Distribution of species of nautiloid cephalopods in the Tyrone Limestone of the High Bridge Group,
Members of the Lexington Limestone, and the Clays Ferry Formation, all Middle Ordovician from the Blue
Grass region of central Kentucky

[Data include only those nautiloid species described in this paper, based on U.S. Geological Survey silicified collections and on
museum collections. Middle Ordovician stratigraphic units from which no nautiloid species were recovered are omitted.
TY, Tyrone Limestone; CF, Clays Ferry Formation; Members of the Lexington Limestone are designated: CL, Curdsville
Limestone; LO, Logana; GL, Grier Limestone; ML, Millersburg; SC, Strodes Creek. X indicates presence of species]

Species TY CL LO GL ML §SC CF Location
Ellesmerocerida
Cartersoceras popei X 6034-CO
Cartersoceras shideleri X 6034-CO
Murrayoceras cf. M. murrayi X 6034-CO
Orthocerida
Pojetoceras floweri X 6034-CO
Anaspyroceras cylindricum X Curdsville, Ky.
Ordogeisonoceras amplicameratum X  Ludlow, Ky.
Proteoceras tyronensis X 6034-CO
Isorthoceras albersi X X X X  5067-CO, 5073-CO, 5092-CO
Isorthoceras rogersensis X  Rogers Gap, Ky.
Gorbyoceras cf. G. tetreauense X 5073-CO, 5092-CO, 7791-CO
Monomuchites annularis X 6034-CO
Monomuchites obliquum X 6034-CO
Monomuchites cf. M. costalis X 6034-CO
Polygrammoceras sp A. X 5067-CO
Polygrammoceras? sp. B X 6034-CO
Polygrammoceras? cfsp. P. A X 7310-CO
Endocerida
Cameroceras cf. C. trentonense X 4073-CO
Vaginoceras sp. A X 6034-CO
Vaginoceras sp. B X 5072-CO
Actinocerida
Actinoceras altopontense X 6034-CO, High Bridge, Ky.
Actinoceras kentuckiense X 6034-CO; High Bridge, Ky.
Actinoceras curdsvillense X Curdsville, Ky.
Ormoceras ferecentricum X 6034-CO; High Bridge, Ky.
Deiroceras curdsvillense X 5100-CO; Curdsville, N.Y.
Tarphycerida
Plectoceras cf. P. carletonense X 6034-CO
Trocholites faberi X  Sadieville, Ky.
Oncocerida
Oncoceras major X 6034-CO
Oncoceras sp. X 4879-C0, 4883-CO
Beloitoceras cf. B. huronense X 6034-CO
Maelonoceras cf. M. praematurum X 6034-CO
Laphamoceras cf. L. scofieldi X 6034-CO

Allumettoceras cf. A. tenerum X 4865-CO, 6419-CO
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TaBLE 2.—Comparison of the nautiloid fauna from the 6034-CO
collection in the Tyrone Limestone in Jessamine County, Ky.
with those described from equivalent strata exposed in
Eastern and Central North America

[Data from (1) Catalani (1987), (2) Steele and Sinclair (1971), (3) Wilson

(1961), (4) Foerste (1932, 1933), (5) Flower (1984) plus manuscript
notes and plates, and (6) Hall (1847)]

“Black |, » Black River
trow s Faterle et "GO 0o
entucky Wisconsinl?  Isl. O“tamg";,» valley
Ontario? Quebec New York®

Ellesmerocerida

Cartersoceras X X X X

Murrayoceras X X X X
Orthocerida

Pojetoceras X X

Polygrammoceras?

Monomuchites X X X X

Proteoceras X X X
Endocerida

Vaginoceras X X X
Actinocerida

Actinoceras X X X X

Ormoceras X X X
Tarphycerida

Plectoceras X X X
Oncocerida

Oncoceras X X X X

Beloitoceras X X X

Laphamoceras X X

Macelonoceras
Species in common 11/14 8/14 12/14 8/14

L. scofieldi Foerste (pl. 20, figs. 13-18), and Maelonoceras
cf. M. praematurum (Billings) (pl. 20, figs. 7-12). Lesser
numbers of the large annulated orthocerid Monomuchites
annularis n. sp. (pl. 9, figs. 1-3, 11-15), the actinocerids
Actinoceras altopontense Foerste and Teichert (pl. 17,
figs. 6-10), A. kentuckiense Foerste and Teichert (pl. 17,
figs. 1-5), and Ormoceras ferecentricum Foerste and
Teichert (pl. 18, figs. 1-7), and the large endocerid Vagi-
noceras sp. A (pl. 15, figs. 1-4, 8-12), are also present in
the 6034-CO collection. The tarphycerid Plectoceras cf. P
carletonense Foerste occurs in this collection but is
known only from fragmentary specimens (pl. 19, figs. 1-
3).

Sloan (1987) placed the Blackriveran-Rocklandian
boundary at the Deicke Bentonite bed (Willman and
Kolata, 1978). This bed is regarded as being equivalent to
the Pencil Cave bentonite of drillers in central Kentucky
(Huff and Kolata, 1990). This would make the nautiloid
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fauna from the 6034-CO collection Blackriveran in age, as
it occurs 25 ft (8 m) below the Pencil Cave bentonite of
drillers at the Little Hickman section. Sweet (1984), how-
ever, placed the Blackriveran-Rocklandian boundary at
the base of the Platteville Formation in Minnesota, well
below the Deicke Bentonite bed, indicating a probable
Rocklandian age, for the 6034-CO fauna. Until these dif-
ferences in opinion are resolved, the specific age of the
diverse Tyrone nautiloid fauna in the Tyrone is uncertain,
but it can be placed with confidence in the latest Black-
riveran-Rocklandian interval.

The nautiloid fauna from the Tyrone Limestone is
similar to nautiloid faunas described from coeval strata at
other localities in Eastern North America. This “Black
River” nautiloid fauna is characterized by the association
of species of the actinocerids Actinoceras, Gonioceras,
and Ormoceras; the endocerid Vaginoceras; the baltocer-
atids Cartersoceras and Murrayoceras; the orthocerids
Proteoceras and Monomuchites; the oncocerids Onco-
ceras, Beloitoceras, Laphamoceras, and Zittelloceras; and
the tarphycerids Avilionella, Barrandeoceras, and Plecto-
ceras. This diverse fauna is characteristic of shallow-
water carbonate facies deposited in cratonic shelf seas in
eastern Laurentia in the post-Whiterockian Middle Ordov-
ician. Elements of this fauna made their initial appear-
ance in Chazyan strata in the Lake Champlain region of
New York and Canada (Ruedemann, 1906; Foerste, 1935;
Flower, 1955b). The fauna became more diverse and more
widespread in succeeding Blackriveran and Rocklandian
times. Seventy-six species of nautiloids, belonging to 39
genera and 8 orders, have been reported from the Black-
riveran to early Rocklandian rocks in Wisconsin, Minne-
sota, and Illinois (Catalani, 1987). Wilson (1961) listed 75
species, belonging to 29 genera and 6 orders, from the
coeval “Leray-Rockland beds” exposed in the Ottawa
Lowland region of Ontario and Quebec. The Tyrone Lime-
stone nautiloid fauna described here is compared with
these faunas plus those from the “Black River Formation”
exposed on St. Joseph Island in Lake Huron (Foerste,
1932 and 1933) and the Black River Group in New York
(Hall, 1847) in table 2.

ROCKLANDIAN NAUTILOID EXTINCTION

This diverse and widespread “Black River” nautiloid
fauna thrived in carbonate shelf environments in eastern
Laurentia, including Kentucky, for approximately 4 mil-
lion years (m.y.). This nautiloid fauna was rather abruptly
terminated (in the geologic sense) in the late Blackriveran
or Rocklandian by an extinction event that may have
taken place over a time span of less than a million years
(455-454 Ma; Sloan, 1987). The 6034-CO collection in the
Tyrone Limestone comes from a limestone bed 25 ft
below the Pencil Cave bentonite of drillers and 46 ft
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below the Tyrone Limestone-Lexington Limestone con-
tact. There are no data on nautiloid faunas from this inter-
vening 46 ft interval in the Tyrone Limestone. With the
possible exception of Vaginoceras sp., none of the 18 spe-
cies identified from this Tyrone Limestone collection
occur in the overlying basal Curdsville Limestone Mem-
ber of the Lexington Limestone (Kirkfieldian). Five out of
14 of the genera present in the Tyrone Limestone (36 per-
cent) became extinct prior to the deposition of the Curds-
ville Limestone Member. In contrast to the Tyrone
Limestone fauna, the identified nautiloid fauna from the
Curdsville Limestone Member consists of only four spe-
cies, belonging to four genera and three orders.

Catalani (1987) listed 76 species of nautiloids,
belonging to 39 genera and 8 orders from the various for-
mations of the Platteville Group in Illinois or the Plat-
teville Formation in Wisconsin. He listed only 13 species,
belonging to 10 genera and 4 orders, from the overlying
Decorah Shale (Rocklandian and Kirkfieldian) in the
same area. Only four Platteville species occur in the over-
lying Decorah Shale, indicating extinction of 95 percent of
the Platteville species in the latest Blackriveran to early
Rocklandian. Eight out of the 39 listed Platteville genera
(21 percent) were extinct prior to the deposition of the
Decorah Shale.

Wilson (1961) listed 75 species belonging to 29 gen-
era and 6 orders from the “Leray-Rockland beds” exposed
in the Ottawa region of Ontario and Quebec. Only nine
species, belonging to eight genera and four orders, are
listed for the overlying Hull beds (Kirkfieldian). Wilson
listed seven species that crossed over from the “Leray-
Rockland beds” into the Hull beds, indicating that 91 per-
cent of the Leray-Rockland species became extinct prior
to the deposition of the Hull. Seven out of the 29 genera
(24 percent) listed for the “Leray-Rockland beds” do not
occur in the overlying Hull beds.

Hall (1847), Young (1943), Flower (1952, 1957a), and
Cameron and Mangion (1977) have collectively listed 18
species of nautiloids, belonging to 14 genera and 6 orders
from the Watertown Limestone (Blackriveran) in New
York. Titus and Cameron (1976) listed only three species
of nautiloids, representing two genera and two orders,
from the overlying Napanee Limestone (Rocklandian).
The same authors listed three nautiloid species from the
overlying Kings Falls Limestone (Kirkfieldian). None of
the Watertown Limestone nautiloid species occur in the
overlying Napanee or Kings Falls Limestones. Five out of
14 genera (36 percent) were extinct regionally by the time
of the initial deposition of the Napanee Limestone.

All of these examples documented from the literature
indicate a major turnover in nautiloid taxa in latest Black-
riveran to early Rocklandian time. The interval of time
during which this regional extinction event occurred
appears to have been geologically short. This extinction is
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significant not only for the large number of species that
became extinct, but also for the large number of genera
that became extinct. A search of the literature has indi-
cated that the “Black River” nautiloid fauna consisted of
at least 54 genera belonging to 8 orders. Twenty-six gen-
era (48 percent) were extinct prior to the deposition of
Kirkfieldian strata in eastern Laurentia (table 3). Succeed-
ing Kirkfieldian nautiloid faunas throughout eastern Lau-
rentia were depauperate in terms of taxonomic diversity,
especially in comparison with the older Black River
fauna.

Some Blackriveran genera apparently found refugia
in similar tropical carbonate platform environments in
central Tennessee and in western and northern portions
of Laurentia (Foerste and Teichert, 1930; Flower, 1957a).
Some of these taxa became significant components of
younger Shermanijan to Richmondian nautiloid faunas in
these regions. These were actinocerids like Actinoceras
and Ormoceras, true Endoceras, and the oncocerid
Beloitoceras. Other genera that were evidently terminated
throughout their geographic range are the baltoceratids
Cartersoceras and Murrayoceras, the orthocerids Mono-
muchites and Proteoceras, the tarphycerids Avilionella,
Barrandeoceras, and Plectoceras, and the oncocerid
Muaelonoceras. The endocerid Vaginoceras occurred in
the Kirkfieldian Curdsville Limestone Member in Ken-
tucky and then became extinct. Similarly, the actinocerid
Gonioceras survived into the lower members of the Deco-
rah Shale in the upper Mississippi valley region and then
went extinct. Taxa like Anaspyroceras, Gorbyoceras, Dei-
roceras, Oncoceras, and Zittelloceras continue into the
Kirkfieldian and Shermanian in eastern Laurentia, appar-
ently unaffected by this extinction.

Determining the specific cause(s) of this turnover in
nautiloid taxa is difficult. There is a widespread regional
unconformity at the base of the Kirkfieldian across much
of Eastern North America. This unconformity has been
recognized in Kentucky (Cressman, 1973), central Tennes-
see (Wilson, 1949; Wahlman, 1992), the upper Mississippi
valley region (Sloan, 1987; Kolata, 1987), the Upper Penin-
sula of Michigan (Votaw, 1980), and the Adirondack uplift
region of New York (Cameron and Mangion, 1977). This
unconformity is apparently absent in the Ottawa Low-
lands region of Ontario and Quebec, and no significant
break in sedimentation is noted within the “Ottawa
Megagroup” (Wilson, 1961; Cameron and Mangion, 1977).
Although no distinct unconformity was recognized at this
interval in southern Ontario, Liberty (1969) has indicated
shoaling facies corresponding to this time interval within
the Bobcaygeon Formation.

The widespread nature of this unconformity indi-
cates a major marine regression from these cratonic shelf
areas at this time. This regression may have been the
result of collisional events along the eastern margin of
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Taple 3.—Middle Ordovician (Blackriveran and Rocklandian)
nautiloid genera from Eastern North America (Laurentia)

[Data from Foerste (1932, 1933), Flower (1952), Flower and Teichert
(1957), Wilson (1961), Catalani (1987), and Stait (1988). IL, Illinois;
KY, Kentucky; LAB, Labrador; MN, Minnesota; MO, Missouri; NFL,
Newfoundland; NY, New York; ONT, Ontario; PA, Pennsylvania; QUE,
Quebec; TN, Tennessee; WI, Wisconsin. *, genera that went extinct at
the end of the Rocklandian]

Genus Distribution
Order Ellesmerocerida

1. Cyrtocerina WI, MN, ONT

2. Cartersoceras* KY, TN, ONT

3. Murrayoceras* KY, NY, ONT
Order Orthocerida

4. Anaspyroceras NY, ONT, QUE

5. Metaspyroceras WL, MN

6. Pojetoceras KY, ONT

7. Proteoceras* KY, ONT, NFL

8. Monomuchites* KY, WI, MN, NY, ONT

9. Gorbyoceras QUE, NFL
10. Whitfieldoceras WI, ONT
Endocerida
11. Endoceras NY, ONT, NFL

12. Vaginoceras
. unocerida
13. Actinoceras

14. Gonioceras*

15. Deiroceras

16. Ormoceras
Ascocerida

17. Hebertoceras(?)*
18. Redpathoceras*
Tarphycerida

19. Avilionella*

20. Barrandeoceras*
21. Bodeiceras*

22. Centrocyrtoceras
23. Chidleyenoceras*
24. Paquettoceras*
25. Plectoceras*

26. Rhynchorthoceras*

Oncocerida
27. Beloitoceras
28. Oncoceras

29. Richardsonoceras

30. Laphamoceras
31. Zittelloceras

KY, NY, ONT, QUE, NFL

KY, TN, MO, WI, MN, PA, NY, ONT,
QUE, NFL

TN, WL, MN, IL, NY, QUE, NFL
MN, NY, ONT, QUE
KY, TN, NY, ONT, QUE

IL
QUE

TN, WI

TN, ONT

WI

TN, ONT, QUE

LAB, NFL

QUE

KY, TN, WI, IL, NY, ONT, QUE
NFL

KY, WI, MN, IL, ONT
KY, ONT, QUE

WI, ONT, QUE

KY, MN

W1, ONT, QUE, NFL

TabLe 3—Middle Ordovician (Blackriveran and Rocklandian)
nautiloid genera from Eastern North America (Laurentia)—
Continued

Genus Distribution
Oncocerida—Continued

32. Maelonoceras* KY, ONT

33. Cyrtorizoceras WI, MN

34. Dunleithoceras* IL

35. Fhlersoceras* ONT

36. Kentlandoceras*  IND, WI, ONT
37. Loganoceras* ONT, QUE

38. Rizosceras ONT

39. Romingeroceras®  ONT

40. Scofieldoceras* MN

MN, ONT, QUE

42. Tripteroceras WI, MN, NY, ONT, QUE
43. Fayettoceras(?) WI

44. Manitoulinoceras(?)ONT

45. Staufferoceras MN

46. Valcouroceras(?)* WI

41. Allumettoceras

47. Actinomorpha* WI, MN
48. Danoceras ONT
49. Diestoceras ONT
Discosorida

50. Reedsoceras WI

51. Ruedemannoceras* TN

52. Simardoceras* QUE
53. Sinclairoceras* QUE
54. Teichertoceras QUE

There were 26/54 genera (48 percent) extinct by the end of the
Rocklandian.

Laurentia (Kay, 1951; Neuman, 1955; Bird and Dewey,
1970; Ettensohn, 1991), due to sea-level fluctuations asso-
ciated with continental glaciation in North Africa being
initiated at this time (McKerrow, 1979) or due to a combi-
nation of these events.

There is also evidence of a change in lithofacies from
nearly pure carbonate platform facies in the Blackriveran
and Rocklandian to mixed carbonate and clastic facies in
the Kirkfieldian and Shermanian. This appears to be true
for much of Eastern North America (Wilson, 1949; Liberty,
1969; Cressman, 1973; Titus and Cameron, 1976; Cameron
and Mangion, 1977; Sloan, 1987). As indicated above, this
increase in clastic sedimentation is the result of succes-
sive collisional events between volcanic arc belts and the
eastern margin of Laurentia, leading to the development
of a siliciclastic source area (Taconic landmass) to the
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east (Bird and Dewey, 1970; Ettensohn, 1991) and uplift
along the Transcontinental arch in the west (Witze, 1980;
Sloan, 1987). Sediments eroding off of these rising land-
masses spread into adjacent cratonic shelf areas.

Due to this sediment influx, Kirkfieldian and younger
marine environments were more mud-rich, necessitating
the development of new marine faunas adapted to these
mud-bottom conditions. These faunal changes were evi-
dent to many of the paleontologists who have studied
these faunas over the past 150 years, leading to the tradi-
tional differentiation of Middle Ordovician Mohawkian
fossil biotas into either “Black River” or “Trenton” faunas
(Hall, 1847; Winchell and Schuchert, 1895; Raymond,
1903; Kay, 1937; Young, 1943; Cooper, 1956). This change
in benthic faunas would have, in turn, impacted the nauti-
loid faunas feeding on these organisms, possibly leading
to the turnover in nautiloid faunas that occurred at this
time.

Huff and Kolata (1990) traced the Deicke Bentonite
Bed from southern Minnesota through eastern Missouri,
across Kentucky and Tennessee, and into the valley and
ridge of the southern Appalachians. Equivalent bentonite
beds in Kentucky and Tennessee have also been termed
the Pencil Cave bentonite of drillers or T-3 bentonite. As
indicated above, the Pencil Cave occurs in the upper 50 ft
of the Tyrone Limestone in central Kentucky, 25 ft above
the biosparrudite that is the source of the 6034-CO collec-
tion of Tyrone nautiloids. Huff and Kolata (1990) describe
the Deicke bed as ranging from 5 cm to 1.5 m thick and
believe it represents the accumulation of air-fall volcanic
ash on a shallow-marine platform during Rocklandian
time. These authors noted that this bentonite bed thick-
ens toward the southeast, indicating a volcanic source
area that was probably east of the Tennessee-Georgia
State line (fig. 1). They suggested that Southern Hemi-
sphere trade winds carried the ash northwest across the
craton. The Deicke was considered to be a single-graded
bed and the result of a solitary eruptive event. Taking into
account postdepositional compaction, Huff and Kolata
estimated that the original volume of ash deposited was
1,122 cubic kilometers (km3). They indicated that the
Deicke Bentonite Bed and the overlying Millbrig Bento-
nite Bed (Willman and Kolata, 1978) are among the largest
air-fall pyroclastic deposits reported from the geologic
record. By way of comparison, the 1815 eruption of
Tambora in Indonesia, one of the most violent eruptions
recorded during historical times, had a volume of 175 km3
(Self and others, 1984).

Sloan (1987) describes the Deicke volcanic eruption
as the cause of a major provincial extinction event in the
upper Mississippi valley region. At the species level, he
lists conodont extinction at 10 percent, brachiopod
extinction at 39 percent, gastropod extinction at 80 per-
cent, trilobite extinction at 90 percent, and echinoderm
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extinction at 100 percent. As indicated above, nautiloid
extinction at or near this horizon in this region was 95
percent based on the data presented by Catalani (1987).
Sloan (oral commun., 1992) described these extinctions
as varying variable from class to class but averaging 65
percent at the species level. He indicated that this extinc-
tion event marked the “Black River"-“Trenton” faunal
boundary. Sloan also pointed out that the level of generic
extinction was, however, much lower. Based on Catalani’s
(1987) list of taxa, 21 percent of the nautiloid genera in
the Platteville Formation (or Group) became extinct at
this time. Citing Kunk and Sutter (1984), Kolata and oth-
ers (1986), and Samson (1986), Sloan gave the Deicke vol-
canic event an age of 454.2 Ma.

Several models proposed recently to explain the ter-
minal Cretaceous extinction event (Sharpton and Ward,
1990) have postulated that large volumes of dust in the
atmosphere generated by a bolide impact or by a large
volcanic event would have had a catastrophic effect on
both terrestrial and marine ecosystems. Deleterious con-
ditions associated with these events are abrupt climatic
cooling, the emission of large volumes of toxic gases,
acidic rainfalls, and disruption of food chains. Huff and
Kolata (1990) have suggested that the Middle Ordovician
Deicke and Millbrig volcanic events deposited ash rapidly
over broad areas and ejected large amounts of volcanic
ash to high levels in the atmosphere. Consequently, these
occurrences would both be expected to result in conspic-
uous extinction events.

Flower (1946, 1976) considered “Black River” nauti-
loid faunas (Blackriveran and Rocklandian) in Eastern
North America to be tropical faunas compared with mid-
dle “Trenton” nautiloid faunas (Kirkfieldian and Sherma-
nian), which he termed cooler water, temperate faunas. If
Flower is correct, then this would give some support to
the idea that climatic cooling resulting from either the
Deicke or the Millbrig volcanic events contributed to the
Rocklandian turnover in nautiloid faunas in Laurentia.
Huff and others (1992), in discussing the biological effects
of the widespread Millbrig ash fall, citing the work of
Sharpf (1990) in Kentucky, indicated that this volcanic
event had a minimal impact on benthic faunas. Sharpf
suggested that the turnover from “Black River” to “Tren-
ton” faunas was more likely the result of environmental
change associated with the transgression early during the
deposition of the Trenton Group. More detailed study of
faunas on either side of the Deicke and Millbrig Bentonite
Beds in Kentucky and elsewhere is needed to better
understand the causes of this extinction event.

NAUTILOID FAUNA OF THE LEXINGTON LIMESTONE

As indicated above, the later Middle Ordovician
“Trenton” nautiloid fauna in Kentucky and elsewhere in
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Eastern North America is depauperate in terms of diver-
sity in comparison with pre-Kirkfieldian Middle Ordovi-
cian “Black River” fauna (table 1). Kirkfieldian nautiloids,
including Lexington Limestone taxa, are associated with
mixed carbonate-clastic, shallow-marine shelf facies
across Eastern North America. Faunas similar to the Lex-
ington Limestone nautiloid fauna occur in the Galena For-
mation in Wisconsin or Galena Group in Minnesota and
Nlinois (Catalani, 1987), the Trenton Group in New York
(Hall, 1847; Titus and Cameron, 1976); the Verulam and
Lindsay Formations in southern Ontario (Liberty, 1969);
and the Hull and Sherman Fall Formations in the Ottawa
region of Ontario and Quebec (Wilson, 1961).

The nautiloid fauna collected from basal portions of
the Curdsville Limestone Member of the Lexington Lime-
stone in the central Blue Grass region is distinct from that
in overlying Lexington Limestone strata in Kentucky in its
relict “Black River” appearance. Blackriveran holdovers
are Actinoceras curdsvillense Foerste and Teichert (pl.
17, fig. 11), Deiroceras curdsvillense Foerste and Teichert
(pl. 18, figs. 8, 9), Vaginoceras sp. B (pl. 15, figs. 5-7), and
Anaspyroceras cf. A. cylindricum (Foerste) (pl. 12, fig.
5). None of these taxa are present in collections from
overlying members of the Lexington Limestone in Ken-
tucky (table 1). Foerste (1910) also described “Ortho-
ceras” bilineatum-frankfortense from “the cherty
limestone beneath the Logana Bed.” It is not known
whether this limestone bed is part of the Curdsville Lime-
stone Member or forms the base of the overlying Logana
Member. This species appears to be assignable to the
genus Gorbyoceras Shimizu and Obata.

Nautiloids in the Logana Member are abundant but of
low diversity, the silicified collections from central Ken-
tucky containing only three recognizable species. Faunas
are dominated numerically by the small longiconic pseu-
dorthocerid Isorthoceras albersi (Miller and Faber) (pl.
10, figs. 1-9), and contain lesser numbers of the annulated
longiconic orthocerid Gorbyoceras cf. G. tetreauense Wil-
son (pl. 12, fig. 3) and the depressed orthoconic oncocerid
Allumettoceras cf. A. tenerum (Billings) (pl. 20, figs. 19-
22). This nautiloid fauna, especially the abundance of
Isorthoceras albersi, is characteristic of the remainder of
the Lexington Limestone.

Nautiloid diversity increases in the overlying Grier
Limestone Member (Shermanian), where there are
numerous specimens of Isorthoceras albersi (pl. 10, figs.
1-9) associated with the longiconic orthocerid Polygram-
moceras sp. A (pl. 12, figs. 1, 2), the endocerid Camero-
ceras cf. C. trentonense Conrad (pl. 14, figs. 3, 4), and the
oncocerid Oncoceras sp. (pl. 20, figs. 1, 2). The Grier
Limestone Member nautiloid fauna is most similar to the
nautiloid fauna described by Hall (1847) and Titus and
Cameron (1976) from the Trenton Group in New York.
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Nautiloids from collections in the upper Middle-
lower Upper Ordovician Millersburg Member in central
Kentucky consist only of the orthocerid Isorthoceras
albersi. Nautiloids in the Strodes Creek Member in the
vicinity of Winchester, Ky.,, consist of well-preserved
calcite-replaced internal molds of the large longiconic
orthocone Polygrammoceras? cf. sp. A (pl. 11, figs. 1-3)
and fragmentary specimens of a small, slender cyrtocone
similar to the discosorid Faberoceras sonnenbergi
Flower.

Flower (1942) described a diverse nautiloid assem-
blage from a fossiliferous lens exposed at the Poindexter
Quarry at Cynthiana, Ky. This fauna contains six species
of the slender cyrtoconic oncocerid Oonoceras and lesser
numbers of the oncocerids Oncoceras and Rizosceras,
and rare specimens of the longiconic orthocerid
Isorthoceras and the actinocerids Deiroceras and Ortho-
nybyoceras. Flower also described the actinocerids
Armenoceras vaupeli and Troedssonoceras obscurolira-
tum, the oncocerid Danoceras cynthianense, and the dis-
cosorids Faberoceras ooceriforme, F saffordi, F
sonnenbergi, and Reedsoceras mcfarlani, all from the
“Cynthiana Limestone” at Cynthiana, Ky. Comparison of
nautiloid material from Winchester and Cynthiana indi-
cates similar preservation and lithologies. Black and Cup-
pels (1973) indicate that the Strodes Creek Member
extends northward from Winchester to Cynthiana. This
evidence suggests that all of these nautiloid taxa may
come from the Strodes Creek Member. If so, the Strodes
Creek Member contains the most diverse nautiloid fauna
in the Lexington Limestone exposed in the Blue Grass
region of Kentucky (table 4). This nautiloid fauna consists
of largely endemic taxa whose closest affinities are with
nautiloids from the Catheys Formation in central Tennes-
see (Bassler, 1932) and nautiloid faunas from the Leipers
Limestone (Late Ordovician, Edenian and Maysvillian) in
the Cumberland valley in south-central Kentucky (Flower,
1946).

NAUTILOID FAUNA OF THE CINCINNATIAN
PROVINCIAL SERIES

EDENIAN NAUTILOID FAUNA

As indicated above, the central Kentucky region and
adjacent portions of northern Kentucky, southeastern
Indiana, and southwestern Ohio were inundated by a
marine transgression in the latest Shermanian and Ede-
nian. The deeper water marine environments generated
by this transgression were the sites of the deposition of
the clay shale, siltstone, and thin fossiliferous limestone
of the Clays Ferry and Kope Formations throughout this
area. Cressman (1973) and Weir and others (1984) indi-
cate that both of these stratigraphic units were deposited
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TasLe 4.—Nautiloid species from the Strodes Creek Member of
the Lexington Limestone, north-central Kentucky

[Data for species from the Cynthiana, Ky., area from Flower (1946); data
for species from the Winchester, Ky., area from collections made by
USGS field parties and the writer’s field work in the area. PO, Poin-
dexter Quarry; CY, Cynthiana, Ky., area; WIN, Winchester, Ky., area;
7310-CO, USGS collection locality number]

Species Occurrence
Order Orthocerida
1. Isorthoceras praenuntium PO
2. Polygrammoceras? sp. WIN (7310-CO)
Order Endocerida
3. Cameroceras sp. CY
Order Actinocerida
4. Armenoceras vaupeli PO
5. Deiroceras perisiphonatum PO
6. Troedssonoceras obscuroliratum CcY
7. Orthonybyoceras? perseptatus PO
Order Oncocerida
8. Oncoceras carlsoni PO
9. O. fossatum CY
10. O. sp. CY
11. Oonoceras acutum PO
12. O. gracilicurvatum PO
13. O. multicomeratum PO, WIN (7328-CO)
14. O. planiseptum PO
15. O. suborthoforme PO
16. O. triangulatum PO
17. 0.? brevidomum PO
18. Rizosceras graciliforme PO
19. R. conicum PO
20. Danoceras cynthianaense CY
21. Diestoceras sp. PO
Order Discosorida
22. Faberoceras ooceriforme CY

23. F. saffordi
,24. F sonnenbergi

CY, WIN (7331-CO)
CY, WIN (7310-CO)

at water depths at or below 80 ft (24 m), below fair-
weather wave base, but still within the zone of storm-
current reworking.

Nautiloids are locally common in the interbedded
clay shale and thin limestone of the Clays Ferry Forma-
tion in north-central Kentucky and the Point Pleasant
Tongue of the Clays Ferry Formation in the greater Cin-
cinnati region of northern Kentucky and southwestern
Ohio. Characteristic species are the small longiconic
orthocerids Isorthoceras albersi (pl 10, figs. 1-9) and I
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rogersensis (Foerste) (pl. 10, figs. 10-12); Treptoceras cf.
T, duseri (Hall and Whitfield); the large longiconic ortho-
cerid Ordogeisonoceras amplicameratum (Hall) (pl. 3,
figs. 1-3); an unidentified species of the endocerid Cam-
eroceras, the coiled tarphycerid Trocholites faberi Foer-
ste, and the oncocerid Oncoceras covingtonense Flower.

Nautiloid faunas in the more clay-rich Kope Forma-
tion are dominated by common, but typically incomplete
specimens of the longiconic orthocerid Treptoceras
transversum (Miller) (pl. 8, figs. 4-9) and the large
endocerid Triendoceras? davisi n. sp. (table 5). The latter
species is typically represented in these strata by only the
matrix-filled molds of the siphuncle tube (pl. 16, figs. 1-5).
Less common in the Kope Formation are specimens of
Ordogeisonoceras amplicameratum (pl. 3, figs. 4, 5, 8)
and Trocholites faberi (pl. 19, figs. 6-10). Flower (1946)
also lists rare specimens of the oncocerids Augustoceras?
sp. and Diestoceras? edense Flower and the discosorids
Faberoceras magister (Miller), Westonoceras ventrico-
sum Flower, and W.? ortoni (Meek) from the Kope Forma-
tion at Cincinnati.

Clays Ferry and Kope nautiloid faunas are most simi-
lar to the coeval Utica Shale fauna in New York (Hall,
1847, Ruedemann, 1926) and the fauna of the Whitby For-
mation in southern Ontario (Liberty, 1969). Associated
with the regional transgressive event represented by the
deposition of these formations in the Cincinnati arch
region is a brief incursion of the so-called “Arctic” fauna
into the northern Kentucky-southwestern Ohio region
(Flower, 1946, 1976). This “Arctic” nautiloid fauna has
been described from late Middle Ordovician (Sherma-
nian) to Late Ordovician (Richmondian) tropical platform
facies in New Mexico (Flower, 1970), Wyoming (Foerste,
1935; Miller and Carrier, 1942), Manitoba (Foerste, 1929b),
the Hudson Bay region (Nelson, 1963), the Canadian Arc-
tic Archipelago (Miller and others, 1954), and northern
Greenland (Troedsson, 1926). Edenian elements of this
fauna in the Cincinnati area are species of the oncocerid
Diestoceras and the discosorid Westonoceras. This incur-
sion of these “Arctic” nautiloid taxa into the Cincinnati
arch region coincides with the fuller development of this
fauna to the north in the Cobourg Limestone in Ontario,
Quebec, and adjacent portions of New York (Flower,
1952; Wilson, 1961; Liberty, 1969).

MAYSVILLIAN AND EARLY RICHMONDIAN
NAUTILOID FAUNA

Nautiloids are abundant and typically well preserved
in a number of blocky claystone beds in the Fairview For-
mation, Grant Lake Limestone, and Bull Fork Formation
(Maysvillian-early Richmondian) in northern Kentucky,
southeastern Indiana, and southwestern Ohio. Nautiloid
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TasLe 5.—Distribution of species of nautiloid cephalopods in the Upper Ordovician Cincinnatian Provincial Series in the Cincinnati
arch region to Kentucky, Indiana, and Ohio

[Data include only those nautiloid species described in this paper, primarily nonsilicified material from museum collections. Upper Ordovician strati-
graphic units from which no nautiloid species are described are omitted. CF, Clays Ferry Formation; KO, Kope Formation; LL, Leipers Limestone;
FA, Fairview Formation; GL, Grant Lake Limestone; BF, Bull Fork Formation; DR, Drakes Formation; SA, Saluda Formation; WW, Whitewater
Formation; HL, Hitz Limestone Member. X indicates presence of species. For locality information, see appendix]

Species CF KO LL FA GL BF DR SA WW HL Location
Orthocerida
Pleurorthoceras clarksvillense X IND-1, OH-7, OH-15
Ordogeisonoceras amplicameratum X Cincinnati, Ohio
Treptoceras byrnesi X OH+4
Treptoceras cincinnatiensis X X X KY-3, OH-6 to 9, 6127-CO
Treptoceras duseri X X X X KY-3, OH-2, 3, 5-9
Treptoceras fosteri X IND-1, 2; OH-6 to 9
Treptoceras transversum X X KY-1,2
Gorbyoceras gorbyi X IND-4
Gorbyoceras hammelli X X IND4to6
Richmondoceras brevicameratum X X Osgood, Ind.; OH-10
Endocerida
Cameroceras rowenaense X KY4
Cameroceras? sp. X KY-5
Triendoceras? davisi X KY-1, 2
Actinocerida
Orthonybyoceras dyeri X X X Covington, Ky., Cincinnati,
Ohio
Tarphycerida
Trocholites faberi X KY-1
Oncocerida
Beloitoceras amoenum X X IND-7, OH-13
Beloitoceras bucheri X IND4
Augustoceras shideleri X KY-4
Manitoulinoceras gyroforme X OH-12
Diestoceras indianense X IND-4
Diestoceras shidelert X IND4
Diestoceras eos X OH-10

faunas in these claystone beds are usually of low diver-
sity, dominated by an abundance of several species of the
longiconic orthocerid Treptoceras Flower. These species
are 1. duseri (Hall and Whitfield) (pl. 4, figs. 8-12; pl. 5,
figs. 1-6), T. fosteri (Miller) (pl. b, figs. 7-9; pl. 6, figs. 1-3,
5,7,8),and T. cincinnatiensis (Miller) (pl. 7, figs. 1-8; pl.
8, figs. 1-3). Species of Treptoceras typically make up 75
percent of the nautiloids present in these strata, usually
associated with lesser numbers of the endocerid Camero-
ceras inaequabile (Miller), the actinocerid Orthonybyo-
ceras dyeri (Miller) (pl. 18, figs. 10-17), and rare
specimens of the oncocerids Oncoceras and Manitouli-

noceras (Frey, 1988, 1989). This is the typical “Cincinna-
tian” fauna that is characteristic of shallow-marine strata
of this age across the northern Cincinnati arch region.
Nautiloids are less common in brachiopod-bryozoan
packstone facies of the Calloway Creek Limestone, the
Fairview Formation, and the Grant Lake Limestone in the
Kentucky-Indiana-Ohio region. Specimens are often frag-
mentary and consist of poorly preserved internal molds.
Faunas in these limestones are also dominated by species
of Treptoceras and Cameroceras, appearing with less
common specimens of the actinocerids Orthonybyoceras
dyeri and Troedssonoceras turbidum (Hall and
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Whitfield) and rare specimens of the oncocerids Beloito-
ceras and Oncoceras (Flower, 1946).

Nautiloid taxa in Maysvillian and early Richmondian
strata in the Cincinnati region are also characteristic of
the “Lorraine” fauna of Foerste (1914b). This fauna is well
developed in coeval clastic marine facies of the Pulaski
Formation in New York (Hall, 1847; Ruedemann, 1926)
and in the Georgian Bay Formation in southern Ontario
(Parks and Fritz, 1922; Foerste, 1924a; Liberty, 1969).

NAUTILOID FAUNA OF THE LEIPERS LIMESTONE

The Leipers Limestone (Edenian and Maysvillian)
exposed in the Cumberland River valley in south-central
Kentucky has a distinctive, diverse nautiloid fauna of 17
species belonging to 9 genera. These nautiloid taxa con-
sist of four species of the large discosorid Faberoceras
and three species of the slender cyrtoconic oncocerid
Augustoceras, associated with the oncocerids Danoceras
and Oncoceras, as well as the ubiquitous orthocerid Trep-
toceras and the endocerid Cameroceras (Flower, 1946).
The latter genus is represented by C. rowenaense n. sp.
(pl. 14, figs. 1, 2). The most abundant nautiloid in collec-
tions available to the writer is the oncocerid Augusto-
ceras shideleri Flower (pl. 20, figs. 23-27).

Flower (1946) indicated that nautiloids were most
abundant in two Tetradium biostromal beds in the lower
half of the formation. The Leipers Limestone nautiloid
fauna is endemic to the outcrop belt in south-central Ken-
tucky, and some of the characteristic genera also occur in
the Catheys Formation and the Leipers Limestone in adja-
cent portions of central Tennessee (Bassler, 1932). Many
of the Leipers Limestone nautiloid taxa also occur in simi-
lar facies in the older Strodes Creek Member of the Lex-
ington Limestone (Shermanian and Edenian) in east-
central Kentucky.

MIDDLE AND LATE RICHMONDIAN NAUTILOID FAUNAS

Younger Richmondian strata in the northern Cincin-
nati arch region of Kentucky, Indiana, and Ohio indicate
the influx of many new nautiloid taxa into the region
(Flower, 1946, 1976; Frey, 1981). As indicated above, these
immigrant taxa have their origin in the distinctive “Arctic”
nautiloid fauna characteristic of late Middle Ordovician to
Late Ordovician tropical carbonate platform facies in
western and northern portions of North America (Foer-
ste, 1929a). The incursion of these taxa into the Kentucky-
Indiana-Ohio area coincides with an early Richmondian
transgression across the area and the subsequent
shallowing-up cycle in which there is a shift from prima-
rily clastic to carbonate sedimentation (fig. 2 and table 5).
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The “Richmondian” fauna from the northern Cincin-
nati arch region consists of smaller, local versions of the
giant forms characteristic of this “Arctic” nautiloid fauna.
These Ohio valley species also differ from the typical
“Arctic” fauna characteristic of Wyoming, Manitoba, and
the Hudson Bay region in the absence of many important
taxa. These are the actinocerids Actinoceras, Kochoceras,
and Huronia; the orthocerid Ephippiorthoceras; the tar-
phycerids Aspidoceras, Digenoceras, and Wilsonoceras;
and the discosorids Cyrtogomphoceras, Westonoceras,
and Winnipegoceras. The “Richmondian” fauna in the
Cincinnati arch region is more similar to nautiloid faunas
described from the more carbonaterich facies of the
Maquoketa Shale (Late Ordovician, Maysvillian and Rich-
mondian) in northeast Iowa and Minnesota (Foerste,
1936a). The Ohio valley “Richmondian” fauna is also simi-
lar to coeval nautiloid faunas described from the Vaureal
Formation on Anticosti Island, Quebec (Foerste, 1928a)
and the Whitehead Formation at Perce, Quebec (Foerste,
1936b).

The first incursions of this “Arctic” fauna into the
Kentucky-Indiana-Ohio area during Richmondian times
occur within the “Waynesville” biofacies (in the sense of
Wahlman, 1992, p. 19) in the Bull Fork Formation (early
Riclimondian) in southwestern Ohio. Early immigrants
are the ascocerid Schuchertoceras obscurum Flower and
the annulated orthocerid Gorbyoceras curvatum Flower,
both in the Treptoceras duseri shale unit (Frey, 1988,
1989). The longiconic orthocerid Pleurorthoceras clarkes-
villense (Foerste) (pl. 2, figs. 10-15), the aberrant “flat-
fish” actinocerid Lambeoceras richmondense (Foerste),
and the large oncocerid Diestoceras waynesvillense
Flower occur slightly higher up (3040 ft) within the for-
mation in southwestern Ohio (Flower, 1946).

The “Arctic” nature of the “Richmondian” fauna in
the tristate area reaches its fullest development, however,
in the Bardstown Member of the Drakes Formation in
northwest Kentucky, in the overlying Saluda Dolomite
Member in northwest Kentucky and adjacent portions of
southeastern Indiana, and in the Whitewater Formation in
southeastern Indiana. A compilation of data from field
work done for this report in Indiana and Ohio and a list of
taxa presented by Flower (1946) indicate the presence of
65 described nautiloid species in these strata, belonging
to 24 genera and 7 orders. Only about 20 of these species,
however, are abundant enough to be commonly encoun-
tered in these strata. A number of late Richmondian nauti-
loid taxa from the Saluda Formation, its Hitz Limestone
Member, and the overlying Whitewater Formation in
southeastern Indiana are described and illustrated here.
These taxa are the large longiconic orthocerid Richmon-
doceras brevicameratum n. sp. (pl. 13, figs. 1-4), the
annulated orthocerids Gorbyoceras gorbyi (Miller) (pl
12, figs. 12, 13) and G. hammelli (Foerste) (pl. 12, figs. 4,
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6, 7, 10, 11), and the oncocerids Beloitoceras amoenum
(Miller) (pl. 22, fig. 2), B. bucheri Flower (pl. 22, figs. 4, 5),
Diestoceras shideleri (Foerste) (pl. 21, figs. 1, 2, 5; pl. 22,
figs. 1, 3) and D. indianense (pl. 22, figs. 6-9).

The top of the Upper Ordovician rocks in southwest-
ern Ohio consists primarily of blue clay shale and thin fos-
siliferous limestone west of the Dayton, Ohio, area and
maroon and pale green mudstone interspersed with minor
thin siltstone and limestone southeast of Dayton. In
southwestern Ohio the blue shale and limestone facies is
referred to as either the Bull Fork or Whitewater Forma-
tion (Weir and others, 1984, p. 81-90; Shrake and others,
1988), and the maroon and green mudstone facies is
placed within the Preachersville Member of the Drakes
Formation. The contact between these units is grada-
tional and diachronous across southwestern Ohio, with
the Preachersville Member thickening to the southeast
(Sweet, 1979).

These formations in southwestern Ohio contain a
sparse nautiloid fauna consisting of the ubiquitous Trep-
toceras and Cameroceras plus the large longiconic ortho-
cerid Richmondoceras brevicameratum (pl. 13, figs. 5-8),
rare specimens of the actinocerid Lambeoceras richmon-
dense (Foerste), and the oncocerids Beloitoceras amoe-
num Miller (pl. 21, fig. 3), Manitoulinoceras gyroforme
Flower (pl. 20, figs. 28, 29), and Diestoceras eos (Hall and
Whitfield) (pl. 21, fig. 4). All of these taxa were collected
from the blue shale and thin limestone lithology (=upper-
most Bull Fork Formation).

The writer has collected a small, incomplete onco-
cerid (cf. Beloitoceras) from the maroon mudstone facies
in Adams County, Ohio. Flower (1957b) also listed Trepto-
ceras associated with trilobites and eurypterids from this
lithology exposed at Manchester, Adams County, Ohio.
Nautiloids have not been described from the same facies
in adjacent portions of northern Kentucky.

LATE ORDOVICIAN EXTINCTION EVENT

One of the largest extinction events in the Phanero-
zoic fossil record occurred at the Ordovician-Silurian
boundary. Sepkoski (1982) has estimated that 22 percent
of all marine invertebrate families became extinct during
this event, second in magnitude only to the extinction at
the Permian-Triassic boundary. Brenchley (1989) summa-
rized the effects of this extinction on the major inverte-
brate groups, noting that the Late Ordovician extinction
sharply reduced the number of genera and species among
trilobites, nautiloids, corals, brachiopods, crinoids, grapt-
olites, conodonts, and acritarchs. Both sessile filter feed-
ers and vagile benthos were affected. His figures indicate
that graptolite genera were reduced nearly 100 percent,
corals and trilobites suffered 75 percent extinction at the
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genus level, crinoid genera suffered 70 percent extinction,
and brachiopod genera were reduced by 25 percent.

House (1988) indicated approximately 100 nautiloid
genera in the Upper Ordovician and a loss of nearly 55
percent of these genera by the end of the period. The
writer’s tabulations of Upper Ordovician nautiloid taxa
from the published literature indicate that Richmondian
nautiloid faunas in Laurentia consisted of 48 genera
belonging to 8 orders. Succeeding Gamachian faunas,
known primarily from Anticosti Island, Quebec (Foerste,
1928a), are represented by 15 genera belonging to 6
orders. The nautiloid order Ellesmerocerida went extinct
at this time, and the order Endocerida was reduced to
several poorly known species of Cameroceras and
Endoceras and the problematic genus Humeoceras. Only
13 genera survived from the Ordovician into the Silurian,
indicating an extinction of 73 percent of Richmondian
nautiloid genera by the end of the Gamachian. These Sil-
urian survivors are elements of the Ordovician “Arctic”
fauna that persisted into the Silurian in carbonate basin
areas in the Hudson Bay region of Canada (Foerste and
Savage, 1927; Flower, 1968b) and in the Anticosti Island
region of Quebec (Foerste, 1928a).

In the northern Cincinnati arch region, nautiloids
declined from a high of 65 species, belonging to 24 genera,
in the late Richmondian Saluda and Whitewater Forma-
tions to 7 species, belonging to 6 genera in the youngest
Ordovician rocks immediately below the Brassfield Lime-
stone (Silurian-Llandoverian) in southeastern Indiana. In
southwestern Ohio, nautiloid diversity drops from a high
of eight species belonging to seven genera in the upper
part of the Bull Fork Formation to a low of two species
belonging to two genera in the Preachersville Member of
the Drakes Formation, within 10 ft of the Ordovician-
Silurian contact. While Brassfield Limestone nautiloids
are poorly known and in need of study, the possible
exception being the orthocerid Treptoceras, none of the
Richmondian genera occur in the overlying Silurian. The
Brassfield Limestone nautiloid fauna in the Kentucky-
Indiana-Ohio region (Foerste, 1893) is a mix of Ordovi-
cian survivors and direct descendants (orthocerids Trep-
toceras Flower and Fuorthoceras Foerste, actinocerid
Ormoceras Saeman, and the discosorid Glyptodendron
Claypole) plus a number of newly evolved, distinctly Sil-
urian taxa (actinocerid Elrodoceras Foerste and the dis-
cosorid Discosorus Hall).

The mass extinction event of the Late Ordovician is
coincident with a worldwide regressive episode that has
been associated with continental glaciation centered in
African and South American portions of Gondwanaland
(Berry and Boucot, 1973; Denison, 1976; Brenchley and
Newall, 1980; Brenchley, 1984). This extinction has been
attributed to climatic cooling (Stanley, 1984a, 1984b), a
loss of shallow-marine shelf area (Sheehan, 1988), and a
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combination of these factors (cooling, regression,
changes in ocean chemistry, and paleogeography), all
associated with the growth and decay of the Gondwanan
ice sheets (Brenchley, 1989). A lack of supporting
geochemical evidence across the Ordovician-Silurian
boundary makes an extraterrestrial impact unlikely as the
cause of this extinction (Orth and others, 1986).

Sedimentological and paleontological evidence sug-
gests that the late Richmondian (=Ashgillian) extinction
in Laurentia was primarily the result of the regression of
shallow epicontinental seas off extensive cratonic shelf
areas, eliminating marine habitats and the “perched fau-
nas” that were dependent on these environments (Shee-
han, 1988), the so-called “species-area effect” (MacArthur
and Wilson, 1963). Evidence of this Late Ordovician
regression is well documented in the northern Cincinnati
arch area.

In the Kentucky-Indiana-Ohio region, this Late
Ordovician regression is represented by the Richmondian
shallowing-up cycle, consisting of the basal deeper water
marine shelf shale and fossiliferous limestone of the Bull
Fork Formation grading up into shallow water carbonates
(Saluda and Whitewater Formations) in western portions
of the Cincinnati arch region and intertidal mudstone and
mud-cracked siltstone (Preachersville Member of the
Drakes Formation) along the east flank of the arch (fig.
2). Uppermost Ordovician strata (Gamachian) are not
exposed anywhere in the Cincinnati arch region. Contrary
to the observations of Gray and Boucot (1972), at most
localities studied for this report in southeastern Indiana
and southwestern Ohio, a disconformity marks the
Ordovician-Silurian boundary. This distinctive erosional
surface is diachronous across the region, being older to
the southeast and younger in the western portions of the
Cincinnati arch region (Sweet, 1979) (fig. 2).

Uppermost Ordovician nautiloid faunas in the Cincin-
nati arch region are dominated by elements of the “Arctic”
fauna, characterized by Flower (1946, 1976) as being a
tropical fauna. Nautiloids from the Ordovician rocks,
immediately underlying the Brassfield Limestone (Lland-
overian, C1-C2) in Decatur County, Ind. (Fluegeman and
Pope, 1983) have “Arctic” affinities. These taxa consist of
the endocerid Endoceras, the oncocerids Beloitoceras
and Oonoceras, and large tarphycerids tentatively
assigned to Charactoceras Foerste and Deckeroceras Foe-
rste. Ordovician nautiloid taxa surviving into the Early Sil-
urian in Laurentia are also largely members of this
“Arctic” fauna (Foerste and Savage, 1927; Foerste, 1928a;
Flower, 1968b). These taxa are associated with carbonate
platform facies in the Hudson Bay region and mixed car-
bonates and shale at Anticosti Island, Quebec. Succeeding
Llandoverian nautiloid faunas across Laurentia are also
primarily tropical taxa associated with carbonate plat-
form facies. This “Discosorus-Huronia fauna” consists of
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a mix of Ordovician “Arctic” relict forms and new actinoc-
erid and discosorid taxa, the latter two orders being typi-
cally most abundant in tropical carbonate facies (Flower
and Teichert, 1957; Flower, 1957b, 1968b). None of these
occurrences seem to support the idea that climatic cool-
ing associated with the Late Ordovician glaciation was a
major factor affecting the extinction of these nautiloid
taxa in Laurentia in the late Richmondian, as a majority of
the surviving taxa were stenothermic tropical forms.

NAUTILOID TAPHONOMY
NAUTILOID BIOSTRATINOMY

Nautiloid remains occur in a number of the lithofa-
cies that make up the Ordovician strata exposed in Ken-
tucky and adjacent States. Nautiloid preservation in these
rocks is a function of several factors: original depositional
environment; nautiloid shell strength, morphology, and
size; and effects of a variety of postdepositional pro-
cesses. The latter are biological processes like bioturba-
tion, mechanical processes like storm reworking of
bottom sediments, and chemical processes such as disso-
lution and replacement of the original aragonitic shell.

Nautiloids are typically restricted to subtidal marine
facies representative of the environments occupied by the
living cephalopod. Reports of extensive postmortem
transport of Nautilus shells in the Indo-Pacific region
(Stenzel, 1964; Toriyama and others, 1965; Teichert, 1970),
coupled with descriptions of a number of current-
affected, shallow-water, or strand-line nautiloid assem-
blages (Miller and Furnish, 1937; Reyment, 1958, 1968;
Zinsmeister, 1987), have led to the general assumption
that many or all fossil nautiloid accumulations were
deposited after some unknown period or distance of
transport from the habitat of the living nautiloid animal.
Many Paleozoic nautiloids possessed phragmocones that
were counterweighted against positive buoyancy and
probably would have rapidly filled with water and sank
after death (Crick, 1988, 1990; Frey, 1989). Studies of Nau-
tilus (Chamberlain and others, 1981) have indicated that
extensive postmortem drift of Nautilus is a relatively rare
event. Ordinarily, upon the death of the animal, the shells
sink to the sea floor in the area in which the animals lived.
Studies of the ontogeny of living Nautilus (Saunders and
Spinosa, 1979; Landman and others, 1983) indicate that
these cephalopods lack a planktonic larval stage capable
of being dispersed by oceanic currents. Additionally, the
distribution of adult Nautilus is constrained by stretches
of deep water in excess of 800 m (2,625 ft) as well as areas
of open ocean (Ward, 1987). These studies of living Nauti-
lus coupled with investigations of the biogeography of
fossil nautiloids (Flower, 1957b, 1976; Crick, 1980, 1990;
Frey, 1989) indicate that nautiloids were not part of the
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nekton, but were nektobenthic, that is, part of the
shallow-shelf benthos and capable of dispersal only along
continuous shelf areas or over shallow stretches of open
ocean. The facies distribution of the nautiloid taxa
described here also supports this point of view.

SILICIFIED NAUTILOIDS

Many of the nautiloids described here, especially
specimens from the Tyrone Limestone and the Lexington
Limestone, are silicified. These specimens were obtained
from bulk rock collections (36,000 pounds (Ibs) of lime-
stone) made by USGS field parties in the 1960’s and
1970's. Details of this acid-etching program can be found
in the works by Pojeta (1979) and Pope (1982). Silicified
nautiloid material presents both problems and opportuni-
ties in terms of nautiloid study. As indicated by Flower
(1965), nautiloids are often common in massive-bedded
limestone facies, but they are difficult to study because of
the complexity of extracting large nautiloid shells from
these dense limestones. Usually, only fragments of such
specimens can be obtained. Lower Paleozoic nautiloid
species are often based on single fragments or a number
of fragments representing different parts of one or more
specimens.

Silicified material from the Ordovician of Kentucky
yielded a number of more or less complete, uncrushed
specimens, commonly with details of the shell’s exterior
ornament preserved. Unfortunately, key internal features,
especially septal necks and connecting rings, typically are
not preserved, making family- and genus-level identifica-
tions difficult. These features are especially critical in the
systematic treatment of morphologically conservative
longiconic groups, namely, the baltoceratids, orthocerids,
and actinocerids. These taxa make up the bulk of the nau-
tiloids from Ordovician strata in Kentucky. Surprisingly,
cameral and endosiphuncular deposits are commonly pre-
served in these specimens (pls. 1, 4, 17) and can, if suffi-
ciently developed, give some indication of siphuncle
segment shape and septal neck type. Coarse silicification
typically destroys key internal features of the siphuncle
used to differentiate endocerid taxa. Fortunately, in the
case of the Tyrone Limestone material, silicification was
such that these important features were preserved
(pl. 15).

Silicified nautiloid material from the 6034-CO collec-
tion in the Tyrone Limestone consisted of many unidenti-
fiable fragments and fewer sections of phragmocone up
to 35 cm in length. Baltoceratids and orthocerids in this
collection consist primarily of adapical portions of phrag-
mocones (less than 15 cm in length) that lack preserved
body chambers (pls. 1, 2, 4, 9). Endocerids and actinocer-
ids consist of larger portions of the phragmocone (15-35
cm in length) that preserve the large siphuncle and
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attached camerae (pls. 15, 17). Oncocerids are preserved
as adapical portions of the phragmocone, rarely having
shells that have body chambers intact (pl. 19, figs. 11-15;
pl. 20, figs. 7-12). Tarphycerids are preserved as the inner
whorls of the coiled phragmocone (pl. 19, figs. 1-3) and
fragments of the body chamber. The fragmental nature of
this assemblage as well as the enclosing biopelsparite
lithology attest to deposition in a shallow-water, wave- or
current-affected environment. However, the poor sorting
of this nautiloid material suggests only periodic current
reworking of these shells, reworking by episodic storms
rather than the constant milling action of “normal” wave
and current activity in a shoaling environment.

The basal Curdsville Limestone Member of the Lex-
ington Limestone yielded less well preserved, coarsely
silicified, fragmentary phragmocones and external molds
(pl. 17, fig. 11; pl. 18, figs. 8, 9). In contrast, nautiloids
from the overlying Logana Member and Grier Limestone
Member of the Lexington Limestone and from the Clays
Ferry Formation consist of finely silicified fragmentary
and complete phragmocones that have the external orna-
ment well preserved (pl. 10, figs. 4-7; pl. 12, figs. 1, 2; pl.
20, figs. 1, 2, 19-22). The more complete nature of this
material is probably a function of the lower energy,
quiet-bottom environments indicated for these strati-
graphic units.

NONSILICIFIED NAUTILOIDS

Nautiloid specimens from more clastic-rich lithofa-
cies of the Lexington Limestone and the overlying Cincin-
natian Provincial Series in the Kentucky-Indiana-Ohio
area usually are poorly preserved, matrix-filled internal
molds or better preserved, calcite-replaced internal
molds. Shell exteriors are rarely encountered, usually as
external or composite molds or, less commonly, as the
calcite-replaced outer shell. Nautiloids in shalier, mud-
rich facies are commonly complete and consist of the
phragmocone and the body chamber but are usually
crushed and flattened by compaction of the enclosing
sediment. These molds typically fail to preserve the criti-
cal internal structures of the siphuncle. Nautiloid material
from the various limestone lithologies in Cincinnatian
strata often consists of fragmentary material that is gener-
ally less deformed than specimens from shalier facies.
Preservation of internal features is dependent on whether
or not the septa and siphuncle are replaced by calcite.
Silicification is uncommon in Cincinnatian rocks and, if
present, is commonly coarse and incomplete. Replace-
ment of nautiloid shells by sparry calcite is far more com-
mon and results in the best preserved nautiloids collected
from these Upper Ordovician rocks. However, in some
specimens, especially endocerids, the coarse sparry
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calcite has obliterated the critical internal structure of the
siphuncle.

Claystone facies and, less commonly, thin packstone
beds in the Kope, Clays Ferry, Fairview, Grant Lake, and
Bull Fork Formations locally yield abundant well-
preserved nautiloids. This material typically consists of
complete, calcite-replaced phragmocones with body
chambers more or less intact (pl. 3, figs. 1-5; pl. 4, figs. 8-
12; pl. 5; pl. 6; pl. 7). Some of these also preserve the outer
shell, occasionally with the original color pattern of the
shell (pl. 6, fig. 3). Similar calcite-replaced material is also
common in the dense, dark-gray fossiliferous wackestone
of the Leipers Limestone in south-central Kentucky (pl.
14, figs. 1, 2; pl. 20, figs. 23-27). Less well preserved, but
commonly complete, matrix-filled internal molds are
locally common in the muddy wackestone facies of the
Mount Auburn Member of the Grant Lake Formation
(Schumacher and others, 1991) in the Cincinnati area; in
local facies within the Bull Fork Formation in southwest-
ern Ohio (pl. 2, figs. 10-15; pl. 6, figs. 4, 8; pl. 13, figs. 5-8);
and in dense, micritic limestone beds within the Saluda
Formation in southeastern Indiana (pl. 12, figs. 12, 13; pl.
13, figs. 1, 3, 4; pl. 21, figs. 1, 2). Spar-replaced, well-pre-
served fragmentary nautiloid material is abundant in the
thin, platy, silty limestone of the Hitz Limestone Member
at the top of the Saluda Formation in southeastern Indi-
ana and northern Kentucky (pl. 12, figs. 4, 6, 7, 10, 11).

NAUTILOID CLASSIFICATION

The classification used here for the higher level
nautiloid taxa is that of Teichert (1988). Teichert’s classifi-
cation divides the nautiloid cephalopods into four sub-
classes: the Orthoceratoidea, consisting of the orders
Ellesmerocerida, Orthocerida, and Ascocerida, plus a
number of short-lived Cambrian orders (Chen and
Teichert, 1983); the Endoceratoidea, consisting of the
order Endocerida and the problematic Interjectocerida;
the Actinoceratoidea, consisting of the order Actinocer-
ida; and the Nautiloidea, consisting of the orders Tarphyc-
erida, Oncocerida, Discosorida, and Nautilida. As
emphasized by Crick (1988) and by Wade (1988), this clas-
sification stresses the importance of buoyancy regulation
as the central problem that fueled the evolution of the
group. Morphological differentiation of these taxa centers
on the development of various buoyancy-regulating
devices. Crick (1988) noted that the Paleozoic evolution-
ary history of the cephalopods is “a series of experiments
in an attempt to find the most energy-efficient compro-
mise between buoyancy regulation, stability, orientation,
locomotor design, and environment.” Crick also listed five
major solutions to the buoyancy control problem that
were devised by these nautiloids. These are (1) short
orthoconic and cyrtoconic longicones with water ballast
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(Ellesmerocerida and the various Cambrian orders); (2)
large orthoconic and cyrtoconic longicones with calcare-
ous ballast (Ellesmerocerida, Orthocerida, Endocerida,
Actinocerida); (3) orthoconic and cyrtoconic brevicones
with water ballast (Oncocerida and Discosorida); (4)
planispiral coiling (Tarphycerida, Nautilida); and (5) shell
truncation (Ascocerida and rare Orthocerida).

Family- and genus-level systematics largely follow
Teichert and others (1964) with the exception of the
Orthocerida and the Tarphycerida. The familial descrip-
tions for the orthocerid Orthoceratidae, Michelinocer-
atidae, and Geisonoceratidae are emended to better
define these groups. Descriptions of a number of genera
within these families were also revised to better define
these taxa. The classification of the Tarphycerida used
here is that of Flower (1984); however, the Barrandeocer-
ida is abandoned and its families placed in the Tarphycer-
ida. New genera described are the longiconic orthocerids
Pojetoceras, Ordogeisonoceras, and Richmondoceras.
Familial and generic differentiation of taxa stresses the
morphology of the siphuncle and the septa, especially
siphuncle segment position, segment shape, segment
diameter, endosiphuncular deposits, and nature of the
septal necks.

The species problem in nautiloid systematics.—
Species-level nautiloid taxa tend to be, on the whole,
poorly defined. Most described Paleozoic species are
based on fragmentary, often poorly preserved material.
Studies of the few well-preserved, complete fossil nauti-
loids known to the writer have indicated that pronounced
ontogenetic changes in the details of the shell morphol-
ogy are typical of these nautiloid taxa. Species based on
fragmentary specimens often have been found to repre-
sent separate ontogenetic stages of the same animal. This
is certainly the case for the various species that have been
assigned to the orthocerid genus Treptoceras Flower,
which is the dominant nautiloid taxon in the Upper
Ordovician rocks exposed in the Kentucky-Indiana-Ohio
region.

Other studies of existing nautiloid species indicate
that taxa were defined on the basis of criteria that took
into account the nature of preserved epizoan organisms
encrusting the nautiloid shell, stratigraphic occurrence,
and type of preservation. Some species have been defined
entirely on the basis of external shell features (shell
shape, rate of shell expansion, size, external ornament),
while others are known only from internal molds or iso-
lated siphuncles. This often results in the naming of at
least two taxa, representing the external and internal fea-
tures of a single species. Additionally, as has been noted
by Aronoff (1979) and Dzik (1984), there have been very
few studies that have evaluated intraspecific variation in
fossil nautiloids. This is due to the lack of the large num-
bers of specimens needed to characterize this variation
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and the description of most nautiloid species on the basis
of one or a few specimens that are typically incomplete.
All of this indicates that Paleozoic nautiloid species are
probably oversplit and that consistent criteria for defining
nautiloid species are largely lacking.

Morphological features traditionally used to differen-
tiate longiconic nautiloid taxa (orthocerids, endocerids,
actinocerids) consist primarily of the external character-
istics of the conch. These are features like shell size,
external shell ornament, shell cross sectional shape, rate
of shell expansion (apical angle), cameral length, and
suture type (fig. 4). The studies of Hyatt (1900), Teichert
(1933), Flower (1939, 1946), and Flower and Kummel
(1950) recognized the importance of the morphology of
the siphuncle as a tool to distinguish various longiconic
taxa. This morphology takes into account such attributes
as siphuncle segment position within the shell, segment
shape, segment diameter relative to total shell diameter,
septal neck type, connecting ring structure, and the pres-
ence and structure of endosiphuncular deposits. A
descriptive terminology developed to further define these
features. These descriptive terms, unfortunately, were
often ambiguous and came to mean different things to dif-
ferent people.

An attempt to correct this problem was made by
Aronoff (1979), who proposed to standardize measure-
ments of various features of longiconic nautiloid shells,
especially siphuncle segment position and segment
shape, and use these quantitatively to define longiconic
taxa. His terminology is used here. Siphuncle position is
measured using the segment position ratio (SPR). This
indicates the position of the mid-axis of the siphuncle seg-
ment (fig. 5B), measured from the venter, relative to the
total diameter of the shell at the same point. SPR values
range from dorsal (SPR greater than (>) 0.75), to middor-
sal (SPR=0.75), supracentral (SPR values between 0.50
and 0.75), to central (SPR=0.50), subcentral (SPR values
between 0.25 and 0.50), midventral (SPR=0.25), and ven-
tral (SPR less than (<) 0.25) (fig. bA). The shape of the
siphuncle segment is expressed as the segment compres-
sion ratio (SCR), the ratio of segment height to segment
length (fig. 5B). SCR values range from depressed elon-
gate (SCR less than 1.0, height is < length), to equiaxial
(SCR=1.0; height is equal to length), to compressed (SCR
> 1.0; height is greater than length) (fig. 5C). These mea-
surements are taken along the dorsal-ventral plane of the
nautiloid shell and are used in conjunction with the tradi-
tional morphological features listed above (figs. 4 and 5)
to define the longiconic nautiloid taxa described here. In
this paper, nautiloids are subdivided into the following
groups on the basis of size: small (less than 30 cm in
length), medium (30-100 cm in length), and large (in
excess of 100 cm). With respect to the rate of shell expan-
sion, the following descriptive terms will be used: gradu-
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ally expanding (apical angle less than 6 degrees);
moderately expanding (apical angle 7-9 degrees); and
rapidly expanding (apical angle greater than 9 degrees).

Differentiating members of the cyrtoconic/breviconic
Oncocerida is likewise beset with a number of difficulties.
This is particularly true of the Oncoceratidae, the most
abundant oncocerids in these Ordovician strata. Genera
and species have been differentiated primarily on the
basis of shell outline, which takes into account the
amount of shell curvature, shell cross section shape, and
features of the body chamber and the aperture. As
pointed out by Flower (1946), these features can be dra-
matically altered by deformation affecting the shell during
the course of fossilization. This is not a problem with the
well-preserved, generally uncrushed silicified material
from the Tyrone and Lexington Limestones (pls. 19 and
20), but is a significant factor complicating generic and
specific identifications of matrix-filled internal molds in
the more argillaceous Cincinnatian Provincial Series
strata (pls. 20, 21, and 22). More of a problem in the case
of the silicified material is the incomplete nature of most
specimens, the collections consisting largely of small-
diameter (less than 10 millimeters (mm) in diameter)
adapical portions of the phragmocone. Most published
Ordovician oncocerid taxa have been described from
more adoral portions of the phragmocone plus the associ-
ated body chamber. Adapical portions of many of these
described species are unknown. Consequently, trying to
determine the affinities of these adapical oncocerid shell
fragments is difficult, if not impossible. Other features
used to distinguish oncocerid taxa are siphuncle segment
diameter and shape, septal necks, connecting ring struc-
ture, cameral length, and suture pattern.

Tarphycerid taxa are distinguished by their general
shell shape (evolute coiled, serpenticone, or gyrocone),
whorl cross section, siphuncle position, thickness of the
connecting rings, and septal neck type. Other features of
taxonomic importance are the length of the body cham-
ber, aperture configuration, cameral length, suture pat-
tern, and external shell ornament. Unfortunately, most of
the Ordovician tarphycerids described here are fragmen-
tary, and species identifications are very tentative, if any
assignment can be made at all.

SYSTEMATIC DESCRIPTIONS

Descriptions of the nautiloid species described here
are organized in the following manner. First, there is a
diagnosis summarizing the distinctive features of the
taxon. This is followed by the taxonomic description, the
first paragraph of which describes the morphological fea-
tures of the shell that can be observed in hand specimen
(fig. 4). These features are arranged in a hierarchy from
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Ficure 4—External morphological features used to differentiate nautiloid taxa
described and illustrated here. A, Rate of shell expansion (apical angle):
1, gradually expanding orthoconic longicone (apical angle less than 6
degrees); 2, moderately expanding (apical angle 6.5-8.5 degrees); 3, rapidly
expanding (apical angle more than 9 degrees). B, Shell cross-sectional
shape: 1, depressed (Trocholites); 2, circular (Richmondoceras);
3, compressed (Maelonoceras). C, Cameral length: 1, short cameral lengths,
the cameral length/diameter (CL/D) less than one-fifth (Cartersoceras);
2, moderate cameral lengths, CL/D one-fifth to one-fourth (Treptoceras);
3,long cameral lengths, CL/D greater than one-third (Pleurorthoceras).
D, Shell ornament: 1, raised longitudinal lirae (Isorthoceras); 2, incised
longitudinal striae (Polygrammoceras); 3, transverse annulations
(Monomuchites).
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Ficure 5.—Internal morphological features used to differentiate nautiloid taxa
described and illustrated here. A, Siphuncle segment position ratio (SPR).
B, Siphuncle segment measurements: CL, cameral length; AA, segment axis;
BB, segment height; CC, segment length; R, radius. C, Siphuncle segment
compression ratio (SCR): 1, SCR less than 1.0, height less than length, depressed
(Ordogeisonoceras); 2, SCR=1.0, height equal to length, equiaxial (Treptoceras);
3, SCR greater than 1.0, height greater than length, compressed (Actinoceras).
D, Cameral deposits: 1, planar mural deposits (Pleurorthoceras);
2, mural-episeptal deposits (Treptoceras); 3, hyposeptal and episeptal deposits
(Ordogeisonoceras). E, Types of endosiphuncular deposits: 1, endosiphuncular
rod (Murrayoceras); 2, endocones (Cameroceras); 3, parietal deposits
(Treptoceras); 4, annulosiphonate deposits (Actinoceras) (4, B modified from
Aronoff, 1979).
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the more general to the more specific: (1) general shell
morphological type (orthoconic longicone, cyrtoconic
longicone, cyrtoconic brevicone, etc.), (2) maximum
observed shell diameter and estimated maximum length,
(3) apical angle (angle of shell expansion), (4) cross-
sectional shape of shell, (5) suture pattern, (6) cameral
length, (7) nature of the body chamber including
periphract type, and (8) external shell ornament. The sec-
ond paragraph describes the internal features of the shell,
primarily the attributes of the siphuncle (fig. 5), which are
(1) position of the siphuncle within the shell (SPR), (2)
siphuncle segment diameter relative to shell diameter, (3)
siphuncle shape (SCR), (4) nature of septal necks, (5)
connecting ring structure, (6) endosiphuncular deposits if
present, and (7) cameral deposits if present.

These descriptive paragraphs are followed by sec-
tions on the known stratigraphic and geographic occur-
rences of the species, a list of the specimens studied, and
remarks. The latter section compares the species with
other members of the same genus, describes observed
variation within the specimens studied, and makes obser-
vations on the relative abundance of the species within
the stratigraphic unit(s) in which it is found.

SYSTEMATIC PALEONTOLOGY

PHYLUM MOLLUSCA LINNAEUS
CLASS CEPHALOPODA CUVIER
SUBCLASS ORTHOCERATOIDEA KUHN

Generally small, predominantly orthoconic, less com-
monly cyrtoconic nautiloids that employed a variety of
solutions to solve the problem of buoyancy regulation,
including retention of cameral fluid within the camerae,
crowding of septa to reduce cameral chamber volume,
and various types of calcareous ballast, secreted within
cameral chambers and (or) within the siphuncle tube.
Connecting rings thick, complex in primitive forms,
becoming thin and homogeneous in later stocks. Septal
necks achoanitic, loxochoanitic, orthochoanitic, subor-
thochoanitic, or cyrtochoanitic. Periphract dorsomyarian;
body chambers tubular, comparatively long. Central stock
from which all other cephalopod groups evolved.

Stratigraphic range.—Upper Cambrian to Triassic.

ORDER ELLESMEROCERIDA FLOWER

Predominantly small, generally smooth, compressed
cyrtoconic or orthoconic nautiloids with comparatively
short phragmocones equipped with closely spaced septa
and ventral tubular siphuncles with short elliptochoanitic
septal necks and primitively thick, structurally complex
connecting rings. Methods of buoyancy control typically
employed were an abbreviated phragmocone, the crowd-
ing of septa, a moderate- to large-diameter, probably
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tissue-filled siphuncle, and the possible retention of cam-
eral fluid within cameral chambers with the siphuncle
tube sealed off by diaphragms in some taxa.

Stratigraphic range—Upper Cambrian to Upper
Ordovician.

Remarks.—This order contains the most primitive
nautiloids; typically small, compressed, endogastric cyrto-
cones and orthocones with closely spaced septa and
large-diameter, tubular ventral siphuncles. Siphuncles are
characterized by thick, complex, layered connecting rings
and short orthochoanitic septal necks. However, as indi-
cated by Furnish and Glenister (1964), a multitude of mor-
phological forms are included in the order such that a
central defining morphological theme is hard to pinpoint.
In all probability, the order is an artificial grouping of
early evolutionary experiments in nautiloid morphology.
Chen and Teichert (1983) have split off several of the
Cambrian groups into separate orders, among them the
Plectronocerida and the Protactinocerida. Other distinc-
tive groups within the Ellesmerocerida that may consti-
tute separate order-rank taxa are the longiconic
Baltoceratidae and Protocyloceratidae, the strongly com-
pressed Bassleroceratidae, and the Bathmoceratidae and
Cyrtocerinidae, both characterized by greatly thickened,
complex connecting rings.

Ellesmerocerids are most abundant in Upper Cam-
brian and Lower Ordovician strata. The order declined
significantly at the end of the Early Ordovician (Areni-
gian), represented in the Middle Ordovician by the longi-
conic baltoceratids, the bizarre bathmoceratids, and the
breviconic cyrtocerinids. Upper Ordovician relict taxa are
the long-ranging genus Cyrtocerina Billings and the prob-
lematic slender cyrtocone Skideleroceras Flower, both
from the Cincinnatian Provincial Series in the Kentucky-
Indiana-Ohio region (Flower, 1946).

FAMILY BALTOCERATIDAE KOBAYASHI

Slender, smooth orthoconic longicones, subcircular
to depressed in cross section, with moderately large, ven-
tral siphuncles that come to assume a more central posi-
tion in some advanced forms. Siphuncles lacking
diaphragms, having connecting rings thinner, less com-
plex in structure than those of other members of the
order. Septal necks orthochoanitic or suborthochoanitic.
Calcareous deposits, both endosiphuncular and cameral,
well-developed. Endosiphuncular deposits consisting of
tubular calcareous rods that are typically depressed circu-
lar in section, lie against the ventral wall of the siphuncle,
are blunt or acute adorally, thickening adapically, and
eventually completely fill the adapical portions of the
siphuncle tube. Cameral deposits typically mural-
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episeptal, restricted to the adapical half of the phragmo-
cone.

Stratigraphic range—Lower Ordovician (Ibexian
Provincial Series) to Middle Ordovician (Rocklandian
Stage).

Remarks.—Good descriptions and illustrations of the
structures that are characteristic of this family are found
in the works by Flower (1964a, 1964b), Hook and Flower
(1977), and Dzik (1984). The evolution of nautiloids with
orthoconic longicone shells resulted in a variety of
devices to control buoyancy and rotational instability
inherent to shells with this morphology. As noted by Hook
and Flower (1977), the late Ibexian was a time of intense
morphological experimentation among small orthoconic
longicones in which many of these devices were utilized.
The most successful solution found in these longicones
was the development of calcareous deposits concentrated
adapically and ventrally, counterbalancing the buoyant
effect of the gasfilled camerae and allowing these longi-
cones to maintain horizontal equilibrium. This calcareous
ballast approach would be utilized by longiconic nauti-
loids throughout the Paleozoic and into the succeeding
Triassic (Crick, 1988).

The Baltoceratidae constitute the earliest develop-
ment of this calcareous ballast approach, in which depos-
its were secreted both within the camerae and the
siphuncle tube. This family forms the transitional group
linking the ancestral Ellesmerocerida with the succeeding
Orthocerida. Members of the Orthocerida differ from the
Baltoceratidae primarily in the more central position of
the siphuncle, compared with the more ventral position of
these structures in the latter group, and in the presence of
thin, homogeneous connecting rings, compared with the
layered rings in these baltoceratids. Both orders have
small- to moderate-size (less than 100 cm in length) ortho-
conic longicone shells with comparatively long body
chambers, nearly tubular siphuncle segments with ortho-
choanitic septal necks, endosiphuncular deposits, and
cameral deposits.

As noted by Hook and Flower (1977), endosiphuncu-
lar deposits may occur as the only device to regulate
buoyancy and provide rotational stability, or they may
occur in combination with cameral deposits. In the
Baltoceratidae, the Protocycloceratidae, and the Troeds-
sonellidae and Narthecoceratidae in the Orthocerida,
endosiphuncular deposits are volumetrically more signifi-
cant and played a greater role in regulating buoyancy than
in the Orthoceratidae, the Geisonoceratidae, and other
members of the Orthocerida. Endosiphuncular deposits
in the Orthoceratidae and other orthocerids usually are
less extensively developed, consisting of septal annuli
and (or) parietal linings of connecting ring walls.
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GENUS CARTERSOCERAS FLOWER

Type species.—Cartersoceras shideleri Flower,
1964a, p. 121; by original designation; Carters Limestone,
Rocklandian Stage, Middle Ordovician, Tennessee.

Description.—Small, moderate to rapidly expanding
baltoceratids, depressed ovate in cross section, having
venter flattening during ontogeny. Camerae short; sutures
sloping from the dorsum to the venter adapically, leading
to the development of a broad lobe ventrally. Body cham-
ber unknown. Shell surface smooth.

Siphuncle initially subcentral, moving to a more ven-
tral position during ontogeny. Segments expanded, equi-
axial to slightly compressed, having suborthochoanitic
septal necks. Connecting rings thickening adorally with
lamellar microstructure. Siphuncle with an endosiphun-
cular rod that tapers adorally to an acute point.
Mural-episeptal cameral deposits.

Stratigraphic and geographic occurrence.—Middle
Ordovician (Rocklandian Stage), Eastern North America
(Laurentia).

Remarks.—Flower (1964a) erected this genus for a
species formerly assigned to Murrayoceras Foerste that
possessed siphuncle segments that are convex in outline
compared with the subtubular, depressed segments char-
acteristic of true Murrayoceras. In his paper, Flower indi-
cated that there is some gradation from Murrayoceras to
Cartersoceras in terms of segment shape and suggested
that this characteristic is indicative of the close phyloge-
netic relation between these taxa. Restudy of the internal
structures of the type species of Murrayoceras, M. mur-
rayt (Billings) and other members of the genus is neces-
sary to ascertain whether the differences between these
taxa are significant enough to define two separate genera.
For the purposes of this study, specimens with convex
siphuncle segments are placed in Cartersoceras Flower;
those with more tubular, depressed segments are retained
in Murrayoceras Foerste.

CARTERSOCERAS SHIDELERIFLOWER, 1964A
Plate 1, figures 1-6, 11

Cartersoceras shideleri Flower, 1964a, p. 122, pl. 26, figs.
3, 4, 8-11.

Diagnosis.—Small, moderately expanding species of
Cartersoceras with cameral lengths one-fourth to
one-eighth the diameter of the shell and an endosiphuncu-
lar rod that is circular in cross section.

Description.—Small (less than 25 ¢cm in length and
up to 3.0 cm in diameter), moderately expanding (apical
angle 8-9 degrees) orthoconic longicones that are
depressed ovate in section, the venter becoming distinctly
flattened with ontogeny. Sutures sloping adapically from
the dorsum to the venter to form a broad ventral lobe.
Camerae short with cameral lengths decreasing with
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ontogeny from one-fourth the diameter of the shell at a
diameter of 10 mm to nearly one-eighth the diameter of
the shell at diameters of 25 mm or greater. Body chamber
incompletely known. Shell exterior smooth.

Siphuncle subcentral adapically (SPR=0.40 at a diam-
eter of 10 mm), becoming midventral with ontogeny
(SPR=0.25 at a diameter of 25 mm). Siphuncle segments
slightly expanded, compressed, somewhat heart-shaped,
the SCR values increasing with ontogeny from 1.2 at a
shell diameter of 10 mm to 1.66 at a shell diameter of 20
mm. Connecting rings thickening adorally, having a lamel-
lar microstructure. Endosiphuncular rod filling the
siphuncle tube adapically and tapering to an acute point
adorally. Rod circular in cross section. Adoralmost cam-
eral deposits mural-episeptal, well-developed ventrolater-
ally.

Stratigraphic range and geographic occurrence.—
Middle Ordovician, the Rocklandian part of the Tyrone
Limestone in the Blue Grass region of central Kentucky
and the equivalent Carters Limestone in the Nashville
dome region of central Tennessee.

Studied material.—Holotype (USNM 302549) and
paratype (USNM 302550) from the Carters Limestone,
Beech Grove, Tenn.; USNM 158627 (pl. 1, fig. 3), 158631
(pl 1, figs. 1, 2, 4-5), 158633 (pl. 1, fig. 6), 158635, 468656
(pl. 1, fig. 11), 468657-468661, plus 14 additional silicified
specimens (USNM 468662), all from the 6034-CO collec-
tion, upper half of the Tyrone Limestone, Little Hickman
section A, Jessamine County, Ky.

Remarks.—The bulk of the silicified specimens of
Cartersoceras from the USGS 6034-CO collection appear
to be assignable to the type species of the genus C. shide-
leri Flower. The holotype and paratype are sectioned
specimens from the Carters Limestone in Tennessee. The
Kentucky material is similar to the type material in the
angle of expansion, depth of camerae at similar diame-
ters, siphuncle diameter at similar diameters, and outline
of the siphuncle segments. Siphuncle segment position is
indeterminable in the type material, as both specimens
are thin sections ground into the enclosing limestone
matrix. Septal necks and connecting rings are not pre-
served in the etched silicified Kentucky material,
although cameral deposits and the endosiphuncular rod
are well preserved in these specimens (pl. 1, figs. 3, 6).
Septal necks and connecting rings are, however, present
in a sectioned specimen (USNM 468656) from the
6034-CO collection (pl. 1, fig. 11; fig. 6) and further vali-
date assignment of these Kentucky specimens to the C.
shideleri.

Cartersoceras shideleri differs from the associated
C. popei n. sp. in being a less rapidly expanding form, in
possessing somewhat longer camerae at comparable shell
diameters, in possessing less compressed siphuncle seg-
ments at comparable diameters, and in the circular cross
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Ficure 6.—Camera lucida drawing of a dorsal-ventral section
through a specimen of Cartersoceras shideleri from the
6034-CO collection in the Tyrone Limestone (USNM 468656).
Note thin cameral deposits and endosiphuncular rod.
Compare with plate 1, figure 11.

section of the endosiphuncular rod (pl. 1, figs. 3-6) com-
pared with the plano-convex section of this feature in C.
popei (pl. 1, figs. 9, 10). Cartersoceras shideleri differs
from the baltoceratid Murrayoceras cf. M. murrayi
(Billings) from the same strata in being a more rapidly
expanding shell with distinctly expanded siphuncle
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Tase 6.—Comparisons of the morphological features of the
three species of baltoceratid nautiloids common to the USGS
6034-CO collection from the upper half of the Tyrone
Limestone, Jessamine County, Ky.

[Data from silicified specimens listed in text. CL/D, ratio of cameral
length to shell diameter; SPR, segment position ration; SD/D, ratio of
siphuncle diameter to shell diameter; mm, millimeter]

Feature Cariersoceras Cartroceras 147 107
murrayi
Apical angle, degrees 9 10 6
Diameter 25 mm
CL/D 0.12 0.12
SPR .20
SD/D .20
Diameter 20 mm
CL/D .15 .15 0.16
SPR .30 .25 .16
SD/D .25 .25 .16
Diameter 15 mm
CL/D 175 12 175
SPR 32 .29 .205
SD/D .235 .26 175
Diameter 15 mm
JL/D .20 133 .20
SPR .33 .33 .23
SD/D .266 .30 .23

segments in contrast to the nearly tubular siphuncle seg-
ments in M. cf. M. murrayi (pl. 1, figs. 14, 16). Table 6
compares the morphological features of these three balto-
ceratid taxa from the Tyrone Limestone.

Another species assigned to Cartersoceras by Flower
(1964a) are specimens identified by Wilson (1961) as Sac-
toceras? ottawaense (Billings) from the “Leray-Rockland
beds” (Middle Ordovician, Rocklandian) exposed in the
Ottawa region of Ontario and Quebec. This species has a
similar rate of shell expansion (apical angle 9 degrees) as
well as similar cameral lengths and siphuncule diameters
compared with the Kentucky material. Study of more
extensive, better preserved material from the Ottawa
River section may indicate that these Canadian specimens
and the Kentucky material represent the same species. If
this proves to be the case, the Canadian species would
have priority.

Within the 6034-CO collection from the Tyrone Lime-
stone, C. shidelert is the most abundant nautiloid species
encountered, represented by 25 etched specimens con-
sisting of portions of the phragmocone 4 cm or more in
length, numerous smaller, fragmentary specimens, and 15
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specimens still in matrix. Recognizable specimens typi-
cally consist of adapical portions of the phragmocone 40—
87 mm in length. Complete body chambers are not known
from specimens from this silicified collection. C.
shideleri occurs associated with a diverse nautiloid fauna
consisting of less abundant representatives of the balto-
ceratids C. popei n. sp. and Murrayoceras ct. M. murrayi
(Billings), the orthocerids Pojetoceras flowert n. sp., Pro-
teoceras tyronensis (Foerste), and Monomuchites annu-
laris n. sp., uncommon specimens of Vaginoceras,
Actinoceras, and Ormoceras, plus small oncocerids and
fragmentary specimens of the tarphycerid Plectoceras.

As indicated above, species of Cartersoceras appear
to be restricted to Middle Ordovician (Rocklandian) shal-
low marine carbonate facies across eastern and southern
portions of Laurentia. No specimens referable to the
genus were identified from collections from the overlying
Lexington Limestone in the central Kentucky area.

CARTERSOCERAS POPEI NEW SPECIES
Plate 1, figures 7-10

Diagnosis.—Rapidly expanding species of Carterso-
ceras with cameral lengths from one-fifth to one-eighth
the diameter of the shell, highly compressed siphuncle
segments (SCR values up to 2.25), and an endosiphuncu-
lar rod that is plano-convex in cross section, bisected by a
dorsal groove.

Description.—Small (up to 20 cm in length and shell
diameters up to 3.0 cm), rapidly expanding (apical angle
10 degrees), orthoconic longicones, depressed ovate in
cross section, the venter becoming flatter with ontogeny.
Sutures sloping from the dorsum to the venter adapically,
forming a broad ventral lobe. Camerae short, with cam-
eral length decreasing with ontogeny, ranging from
one-fifth the diameter of the shell at a diameter of 10 mm
to one-eighth the diameter of the shell at a diameter of 20
mm or more. Body chamber unknown. Shell exterior
smooth.

Siphuncle subcentral in position (SPR=0.45) at a
diameter of 10 mm, becoming ventral with ontogeny
(SPR=0.20 at diameters of 26 mm or more). Siphuncle
segments expanded, heart-shaped, compressed, the SCR
values increasing with ontogeny from 1.75 at a diameter
of 10 mm to 2.25 at shell diameters of 15 mm or more.
Endosiphuncular rod completely filling the siphuncle
tube adapically and tapering adorally to an acute end. Rod
flattened dorsally throughout its length and adapical sec-
tions marked by a longitudinal medial groove, giving the
rod a notched, heart-shaped cross section adapically and
a plano-convex section adorally. Adoralmost cameral
deposits mural-episeptal, well-developed ventrolaterally.

Stratigraphic range and geographic occurrence.—
Upper half of the Tyrone Limestone (Rocklandian Age
portion) exposed at the Little Hickman section A,
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Jessamine County, Ky. (collection 6034-CO), which is the
type locality. (See locality register (appendix) for USGS
collection localities.)

Studied materials.—Holotype (USNM 158625) (pl. 1,
figs. 7, 9) and paratypes USNM 158624 (pl. 1, fig. 10),
158632, 468663, and 468664 (pl. 1, fig. 8), and five other
specimens (USNM 468665), all from the USGS 6034-CO
collection.

Remarks.—Comparisons with the type species, C.
shideleri, are given above. The consistent nature of the
variation between these specimens in the 6034-CO collec-
tion indicates that these differences are real and not the
result of silicification or other taphonomic processes.
Morphological comparisons of these species are pre-
sented in table 6. Within the USGS 6034-CO collection, C.
popei is less abundant than C. shideleri?, making up
slightly less than one-third of the identified specimens of
Cartersoceras in this collection. It shares with the latter
species the same faunal associates.

No other species of Cartersoceras known to the
writer possesses the dorsally flattened endosiphuncular
rod characteristic of C. popei, although the cross sec-
tional shape of this feature is known with certainty only
for the type species. Cartersoceras popet is distinguished
at once from the associated baltoceratid Murrayoceras
cf. M. murrayi in its more rapidly expanding shell and in
the expanded, compressed nature of the siphuncle seg-
ments, in contrast to the nearly tubular segments in M. cf.
M. murrayi.

Etymology.—This species is named in honor of John
K. Pope, a scholar of the Ordovician paleontology of the
Cincinnati, Ohio, region.

GENUS MURRAYOCERAS FOERSTE

Type species.—Orthoceras murrayi Billings, 1857, p.
332; designated by Foerste, 1926, p. 312; Black River For-
mation, Blackriveran Stage, Middle Ordovician, Ontario.

Description.—Small to medium-sized, gradual to
moderately expanding orthoconic longicones, depressed
ovate in cross section, more flattened on venter, having
dorsum evenly rounded. Sutures sloping adapically from
the dorsum to the venter, forming a broad, shallow ventral
lobe. Camerae short. Body chamber poorly known, appar-
ently lengthy, at least one-fourth the total length of the
shell. Shell exterior smooth or marked with fine, raised
transverse growth lines.

Siphuncle subcentral initially, becoming ventral with
ontogeny. Siphuncle moderately large in diameter, seg-
ments subtubular. Septal necks short, aneuchoanitic to
orthochoanitic. Connecting rings thick, laminated, typi-
cally concave or sinuate. Siphuncle with a tubular endosi-
phuncular rod that tapers adorally to an acute end.
Adoralmost cameral deposits episeptal, well-developed
ventrolaterally.
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Stratigraphic and geographic occurrence.—Middle
Ordovician (Whiterockian? to Rocklandian Stages) in
Eastern North America (Laurentia).

Remarks—Flower (1964a) distinguished Murray-
oceras from Cartersoceras on the basis of the shape of
the siphuncle segments, which are tubular or subdued
sinuate in Murrayoceras, but are distinctly expanded,
convex in Cartersoceras. Flower (1964a) noted that some
species of Murrayoceras exhibited ontogenetic changes
in the nature of the connecting rings, from distinctly con-
cave adapically to sinuate adorally. Study of a suite of 50
silicified specimens from the 6034-CO locality and com-
parisons with other figured species of both genera indi-
cate that species assigned to Cartersoceras consist of
smaller, more rapidly expanding shells compared with
established species of Murrayoceras. Additionally, during
ontogeny, specimens of Cartersoceras become more
strongly depressed than Murrayoceras and have a flatter
venter.

Typical Murrayoceras appears earlier than Carterso-
ceras and is most abundant in older Middle Ordovician
(Blackriveran) carbonates in New York and adjacent por-
tions of Ontario and Quebec. Cartersoceras is apparently
restricted to younger Rocklandian carbonates, especially
in Kentucky, Tennessee, the upper Mississippi valley, and
the Ottawa Lowland in Canada.

MURRAYOCERAS CF. M. MURRAYI (BILLINGS), 1857
Plate 1, figures 12-17

Orthoceras murrayi Billings, 1857, p. 332.

Jovellania murrayi (Billings). Foord, 1891, p. 338, figs.
50a—c.

Murrayoceras murrayi (Billings). Foerste, 1926, p. 312.

Murrayoceras murrayi (Billings). Foerste, 1928a, p. 314,
pl. 75, fig. 5.

Murrayoceras murrayi (Billings). Foerste, 1932, p. 121,
pl 21, fig. 2.

Murrayoceras murrayi (Billings). Wilson, 1961, p. 40,
pl 9, figs. 6, 7, pl. 11, figs. 3, 4.

Diagnosis—Small, slender species of Murray-
oceras, depressed ovate in cross section, having cameral
lengths one-fourth to one-eighth the diameter of the shell.

Description.—Small (at least 30 cm in length and up
to 2.8 cm in diameter), slender (apical angle 6-6.5
degrees), orthoconic longicones, depressed ovate in cross
section, having venter becoming flatter during ontogeny.
Sutures straight, transverse dorsally and laterally, turning
adapically at the ventral margins, forming a broad, shal-
low ventral lobe. Camerae short, decreasing in length
with ontogeny, the cameral lengths ranging from
one-fourth the diameter of the shell at a diameter of 10
mm to one-eighth the diameter of the shell at diameters in
excess of 256 mm. Body chamber unknown. Exterior
marked by fine transverse growth lines.
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Siphuncle subcentral (SPR=0.30) at shell diameters
less than 15 mm, becoming ventral (SPR=0.175) at diame-
ters greater than 20 mm. Siphuncle segments subtubular,
the segment diameter ranging from one-fourth the diame-
ter of the shell at a diameter of 10 mm to one-sixth the
diameter of the shell at diameters greater than 15 mm.
Septal necks and connecting rings poorly known. Endosi-
phuncular rod filling adapical portions of the siphuncle
and tapering adorally to an acute end. Rod extending
adorally to shell diameters up to 20 mm in diameter.
Adoralmost cameral deposits consisting of ventral and
lateral planar episeptal deposits.

Stratigraphic and geographic occurrence.—Upper
half of the Tyrone Limestone (Rocklandian Age part)
exposed at the Little Hickman A section, Jessamine
County, Ky.

Studied materials.—Specimens studied were a suite
of silicified specimens from the USGS 6034-CO collection:
USNM 158637, 468672 (pl. 1, fig. 16), 468673 (pl. 1, fig. 17),
468674 (pl. 1, figs. 12, 13), and 468675 (pl. 1, figs. 14, 15).

Remarks.—Silicified specimens of Murrayoceras
from the Tyrone Limestone in Kentucky appear to be
most similar to the type species of the genus, M. murrayi
(Billings) from the Middle Ordovician “Black River For-
mation” exposed on St. Joseph Island, Lake Huron,
Ontario. Both the Tyrone Limestone specimens and a syn-
type of M. murrayi (Geological Survey of Canada speci-
men number 1723) have slender, depressed, longiconic
shells, the cameral lengths ranging from one-fifth the
diameter of the shell at diameters less than 20 mm to one-
eighth the diameter of the shell at diameters greater than
25 mm and subtubular siphuncle segments with diameters
one-fifth to one-seventh the diameter of the shell
Detailed comparisons between the Kentucky material and
the Canadian types are difficult, as the silicified speci-
mens from the Tyrone Limestone represent phragmo-
cones 20 mm or less in diameter, whereas the Canadian
material is represented by more adoral portions of the
phragmocone greater than 17 mm in diameter. Conclusive
assignment of the Kentucky material to M. murrayi
awaits comparisons of larger suites of more complete,
comparable specimens from both localities.

The Kentucky specimens of Murrayoceras are less
similar to M. carletonense Foerste, a slender species from
the Lowville Formation (Middle Ordovician, Blackrive-
ran) exposed in southern Ontario. Murrayoceras carle-
tonense possesses more closely spaced septa in
comparison with to the Tyrone Limestone specimens,
which have sutures that slope in a more pronounced man-
ner from the dorsum to the venter. This Canadian species,
however, is also based on the more adoral portions of the
phragmocone, broader in diameter than is known for the
Kentucky specimens, making conclusive comparisons dif-
ficult.

CONTRIBUTIONS TO THE ORDOVICIAN PALEONTOLOGY OF KENTUCKY AND NEARBY STATES

Murrayoceras cf. M. murrayi is apparently an
uncommon species in the USGS 6034-CO collection, rep-
resented by fewer than two dozen fragmentary silicified
specimens. This species is much less common than asso-
ciated species of the genus Cartersoceras. Species of
Cartersoceras can be distinguished from M. cf. M. mur-
rayt in their more rapidly expanding shell form and in the
distinctly expanded nature of the siphuncle segments in
these specimens.

ORDER ORTHOCERIDA KUHN

Small to large (rarely in excess of 2 m in length),
orthoconic or cyrtoconic longicones with smooth to elab-
orately ornamented shells. Siphuncles central or subcen-
tral in position, comparatively narrow in diameter relative
to the diameter of the shell. Thin homogeneous connect-
ing rings and orthochoanitic, suborthochoanitic, or cyrto-
choanitic septal necks. Dominant method of buoyancy
regulation is the secretion of calcareous ballast in adapi-
cal portions of the phragmocone, typically consisting of
both cameral and endosiphuncular deposits. Cameral
deposits are volumetrically more significant and served as
the primary buoyancy control structures in most mem-
bers of the order, consisting of complex mural, episeptal,
and hyposeptal deposits. Endosiphuncular deposits typi-
cally consisting of septal annuli, parietal deposits, or
siphuncle linings. Body chambers lengthy, commonly
making up to one-fourth the total length of the shell.
Periphract dorsomyarian. Protoconchs typically globular.

Stratigraphic range.—Lower Ordovician to Upper
Triassic.

Remarks.—The higher level systematic classification
of this group is difficult due to the seemingly simple, con-
servative morphology of many members and the fragmen-
tary nature of most described taxa (W.C. Sweet, oral
commun., 1990). The current classification (Teichert and
others, 1964) is often confusing and inconsistent. It is
beyond the scope of this paper to attempt to tackle the
reorganization of this order, but several taxa are redefined
or emended in an attempt to develop a more consistent
classification. Taxonomy is based on a combination of
morphological features such as general shell shape and
size; body chamber length relative to phragmocone
length; length of cameral chambers; position, shape, and
diameter of siphuncle segments; features of septal necks;
and the morphology and development of cameral and
endosiphuncular deposits. External ornament of the shell
is thought to be less significant than previous classifica-
tions have indicated, significant at the genus level but no
higher.

Sweet (1964) and Teichert (1988) divided the Ortho-
cerida into two superfamilies: the orthochoanitic Ortho-
ceratacea and the cyrtochoanitic Pseudorthoceratacea.
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Members of the Orthoceratacea are known from the
Lower Ordovician (upper Ibexian) and are the dominant
orthocerids in the Ordovician and succeeding Silurian.
The development of cyrtochoanitic forms from existing
orthochoanitic stocks occurred early in the history of the
order, the oldest known pseudorthocerataceans dating
from the early Middle Ordovician (late Whiterockian).
Members of the Pseudorthoceratacea are locally common
in the latter half of the Ordovician, and then become the
dominant orthocerids in the Devonian and succeeding
Carboniferous. Wade (1988) has regarded the differences
between these two superfamilies to be sufficient to war-
rant placing the Pseudorthoceratacea in a separate order,
the Pseudorthocerida. For the purposes of this paper,
both the Orthoceratacea and the Pseudorthoceratacea are
retained in the order Orthocerida.

FAMILY ORTHOCERATIDAE M’COY

Smooth to ornamented, small to medium-sized, grad-
ually expanding, slender longicones, circular in cross sec-
tion; straight transverse sutures and long camerae with
widely spaced, strongly curved septa. Cameral length typ-
ically from one-third to greater than one-half the diameter
of the shell. Body chambers tubular, one-fourth the total
length of the shell. Aperture straight, transverse, lacking a
hyponomic sinus.

Siphuncle central or subcentral with narrow, tubular
or slightly expanded siphuncle segments that are longer
than wide. Septal necks short, orthochoanitic or subor-
thochoanitic. Connecting rings thin, homogeneous. Endo-
siphuncular deposits restricted to adapical portions of the
phragmocone, consisting of small annuli and (or) parietal
deposits. Cameral deposits developed adapically, consist-
ing of mural-episeptal and hyposeptal deposits that
largely fill cameral chambers ventrally prior to their
development dorsally. Protoconchs globular.

Stratigraphic range—Lower Ordovician (Ibexian
Provincial Series) to Upper Triassic.

Remarks.—Sweet (1964) subdivided this family into
four subfamilies. These were the Orthoceratinae, which
are distinguished by body chambers marked by deep
longitudinal furrows; the Michelinoceratinae, which con-
sisted of smooth Orthoceratidae with central or excentric
siphuncles and well-developed cameral deposits; the
Kionoceratinae, which is made up of taxa with well-
developed longitudinal external ornament; and the Leuro-
cycloceratinae, consisting of transversely ornamented
forms. Body chambers are poorly known for many mem-
bers of this family, such that the prevalence of the fur-
rowed body chambers in these nautiloids is not known.
The Kionoceratinae currently consists of genera with
both expanded, cyrtochoanitic siphuncle segments
(Kionoceras Hyatt, Ohioceras Shimizu and Obata, and
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Polygrammoceras Foerste) as well as more typical Ortho-
ceratidae with tubular siphuncles (Parakionoceras Foer-
ste), and seem to be a totally artificial grouping of taxa.
The Leurocycloceratinae consists of taxa with tubular
siphuncle segments and distinctive transverse annuli
Leurocycloceras Foerste, however, has long camerae and
long septal necks in contrast to the short camerae and
short orthochoanitic septal necks characteristic of
Anaspyroceras Shimizu and Obata. The internal features
of Metaspyroceras are poorly known and require further
documentation.

Michelinoceras Foerste and other genera with slen-
der shells, narrow tubular siphuncle segments, very long
camerae, and long septal necks (that is, Arkonoceras
Flower, Leurocycloceras Foerste, and Plagiostomoceras
Teichert and Glenister) are viewed as being sufficiently
distinct from other orthoceratids to constitute a separate
family, the Michelinoceratidae. In contrast to the prima-
rily Ordovician distribution of the Orthoceratidae, mem-
bers of the Michelinoceratidae are most numerous in the
succeeding Silurian and Devonian. The wide septal foram-
ina and broad, subtubular siphuncle segments typical of
Kionoceras suggest placement of this genus in the family
Geisonoceratidae. The familial affinities of Amnaspyro-
ceras, Metaspyroceras, Ohioceras, Parakionoceras, and
Polygrammoceras remain unknown pending better docu-
mentation of the key internal features of these genera.

PQJETOCERAS NEW GENUS

Type species.—Pojetoceras floweri, n. sp., Tyrone
Limestone, Rocklandian Stage, Middle Ordovician, Ken-
tucky.

Description—Small, slender, gradually expanding
orthoconic longicones, circular in cross section with
straight, transverse sutures. Camerae long, with cameral
lengths averaging one-third the diameter of the shell,
becoming slightly shorter with ontogeny. Body chamber
unknown. Shell exterior smooth.

Siphuncle supracentral to subcentral in position, seg-
ments tubular, typically twice as long as wide. Siphuncle
segments narrow in diameter, with short, orthochoanitic
septal necks and thin, homogeneous connecting rings.
Endosiphuncular deposits developed adapically along the
ventral siphuncle wall, consisting of thin parietal deposits
that form adoral to septal necks. Cameral deposits well-
developed, consisting of complex mural-episeptal and
hyposeptal deposits that form ventrally prior to their
development dorsally.

Stratigraphic and geographic occurrence.—Lower
Ordovician (Ibexian Provincial) to Middle Ordovician
(Shermanian Stage), North America (Laurentia).

Remarks.—This genus is erected for a group of
small, smooth orthoceratids with narrow, supracentral to
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subcentral, tubular siphuncle segments that were origi-
nally described from the Early Ordovician of the Western
United States. Flower (1962) and Hook and Flower (1977)
referred these forms with some reservations to the genus
Michelinoceras Foerste. Michelinoceras is based on
Orthoceras michelini Barrande (=O. grande Meneghini)
from the Upper Silurian (Ludlovian) of Czechoslovakia
and Sardinia. From descriptions and good illustrations of
this species (Barrande, 1866-1870; Serpagli and Gnoli,
1977), M. michelini differs significantly from these
Ordovician orthoceratids in the possession of much
longer septal necks, longer camerae at comparable diam-
eters, and narrower, more tubular siphuncle segments.
Additionally, endosiphuncular deposits, which are well
developed in Pojetoceras, are currently not known for
Michelinoceras based on M. michelini.

Pojetoceras is probably most similar to true Ortho-
ceras Bruguiere, based on O. regularis Schlotheim from
the early Middle Ordovician “Orthoceras Limestone” of
the Baltic region. Both taxa are slender, gradually expand-
ing longicones with narrow central or subcentral, tubular
siphuncle segments equipped with short orthochoanitic
septal necks. Cameral deposits, consisting of thin
mural-episeptal deposits, are known for O. regularis
(Flower, 1964b, pl. 4, figs. 6, 7), but are restricted to por-
tions of the phragmocone less than 10 mm in diameter.
Endosiphuncular deposits are not known for the type spe-
cies of Orthoceras, but related species illustrated by Dzik
(1984, fig. 34, pl. 22, fig. 8) indicate the presence of small
annuli and thin parietal deposits in adapical portions of
the phragmocone. The body chamber of Orthoceras is
long and tubular and marked by three distinctive linear
furrows. The body chamber is currently unknown for spe-
cies of Pojetoceras. Pojetoceras differs from Orthoceras
in the possession of shorter camerae and somewhat
broader siphuncle segments at comparable diameters.
There is, additionally, more extensive development of
both cameral and endosiphuncular deposits in Pojeto-
ceras compared with their weak development or absence
at similar diameters in Orthoceras. Although the adoral
portions of specimens of Pojetoceras are -currently
unknown, maximum observed diameters (up to 1.5 cm) in
large collections from Kentucky indicate that Pojetoceras
is a smaller form than typical Orthoceras (known lengths
in excess of 50 cm and having shell diameters of up to 2.5
cm). Figure 7 is a graphic plot comparing cameral length
relative to shell diameter for Pojetoceras floweri and
Orthoceras regularis.

Pojetoceras is also similar in gross shell morphology
to the Late Ordovician orthoceratid Pleurorthoceras
Flower. Both of these taxa have slender, gradually
expanding shells with comparatively long camerae and
central to subcentral, narrow, tubular siphuncle seg-
ments. Pojetoceras differs from Pleurorthoceras in pos-
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CAMERAL LENGTH, IN MILLIMETERS

SHELL DIAMETER, IN MILLIMETERS

Ficure 7.—Bivariate plot of cameral length and shell diameter
for specimens of Pojetoceras floweri (circles) and
Orthoceras reqularis (triangles). Data for P. floweri from
paratypes USNM 468677468679 and suite of specimens
USNM 468684. Data for O. regularis from Flower (1962).
Note the longer camerae in O. regularis compared with
cameral lengths at comparable diameters in specimens of
P. floweri.

sessing broader siphuncle segments relative to shell
diameter; in having short orthochoanitic septal necks,
compared with the suborthochoanitic septal necks in the
latter genus; in the development of complex episeptal and
hyposeptal cameral deposits in Pojefoceras, compared
with the simple mural-episeptal deposits in Pleurortho-
ceras; and in the presence of endosiphuncular deposits in
Pojetoceras and their absence in species of Pleurortho-
ceras. Species of Pleurorthoceras also appear to grow to a
larger size compared with species of Pojetoceras, reach-
ing lengths in excess of 60 cm and shell diameters up to
3.0 cm. Maximum lengths known for species of Pojeto-
ceras are less than 30 cm and shell diameters up to 1.5 cm.

As currently known, species assignable to Pojeto-
ceras range from the Lower Ordovician (late Ibexian Pro-
vincial Series) to the Middle Ordovician Shermanian
Stage. The genus appears to be restricted in its distribu-
tion to cratonic carbonate facies in Laurentia. Early
Ordovician species assigned to Pojetoceras are Micheli-
noceras floridaense Hook and Flower, M. melleni Hook
and Flower, and a number of other unnamed, fragmentary
specimens of “Michelinoceras” described and illustrated
by Hook and Flower (1977) from the late Ibexian Florida
Mountains Formation in southwest New Mexico. Other
Lower Ordovician representatives of the genus are a num-
ber of fragmentary specimens referred to as Michelinoc-
eras spp. and collected from the Wah Wah Limestone in
the Ibex area of Utah (Hook and Flower, 1977).
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Younger Middle Ordovician examples of Pojetoceras
are “Orthoceras” shumardi Billings from the Mingan
Formation (Chazyan Stage) exposed in the Mingan
Islands, Quebec (Foerste, 1938); the type species P. flow-
ert n. sp. from the Tyrone Limestone (Rocklandian) in
Kentucky; a species referred to as “Michelinoceras sp. 3"
from the “Braeside Beds” (Blackriveran) exposed in the
Ottawa region of Ontario (Steele and Sinclair, 1971); and
Orthoceras beltramt Clarke from the “Prosser Member of
the Trenton” at Wykoff, Minn. (Foerste, 1932). Unde-
scribed species that are possibly assignable to Pojeto-
ceras have been collected by the writer from the Stones
River Group (Middle Ordovician, Blackriveran) in central
Tennessee and the Mountain Lake Member of the Bro-
mide Formation (Blackriveran) in the Criner Hills, in
Oklahoma.

Etymology.—This genus is named for John Pojeta,
Jr., in recognition of his work organizing and directing the
Kentucky Ordovician paleontology program and for his
encouragement and support of this writer’s study of the
nautiloid faunas collected as part of this program.

PQJETOCERAS FLOWERI NEW SPECIES
Plate 2, figures 1-9

Diagnosis.—Small, slender, orthoconic longicone
with cameral lengths from one-half to one-fifth the diame-
ter of the shell and subcentral depressed siphuncle seg-
ments whose diameters are one-sixth to one-ninth the
diameter of the shell and that contain, adapically, thin
ventral parietal deposits.

Description.—Small (observed lengths of up to 25
cm and having diameters of up to 1.5 cm), gradually
expanding (apical angle 3-3.5 degrees) orthoconic longi-
cones, circular in cross section with straight transverse
sutures. Camerae lengths ranging from one-half the diam-
eter of the shell at diameters less than 5 mm to nearly
one-fourth the diameter of the shell at diameters greater
than 13 mm. Body chamber unknown. Shell exterior
smooth.

Siphuncle supracentral (SPR=0.60) at shell diameters
less than 7 mm, becoming central (SPR=0.50) at diame-
ters of 7-12 mm, and then subcentral (SPR less than 0.50)
in adoral portions of the shell greater than 12 mm in diam-
eter. Siphuncle segments tubular to subtubular, narrow in
diameter, from one-sixth to one-ninth the diameter of the
shell, the segment diameter decreasing relative to shell
diameter with ontogeny. Septal necks short, orthochoa-
nitic. Connecting rings thin, homogeneous. Endosiphun-
cular deposits consisting of thin parietal deposits lining
ventral portions of adapical siphuncle segments that fuse
to form a continuous ventral lining with ontogeny. Dorsal
endosiphuncular deposits unknown. Cameral deposits
complex, botryoidal episeptal and hyposeptal deposits
that fill ventral and lateral portions of cameral chambers
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with ontogeny. Thin, planar episeptal deposits dorsally
that form later than ventral and lateral deposits. Variably
developed ventral medial mural delta.

Stratigraphic range and geographic occurrence.—
Tyrone Limestone (Rocklandian Age part), exposed in
Jessamine County, Ky.

Studied material.—Holotype (USNM 468676) (pl. 2,
figs. 1, 9), eight paratypes: USNM 468677 (pl. 2, figs. 2, 3),
468678 (pl. 2, figs. 4, 6), 468679 (pl. 2, fig. 5), 468680,
468681 (pl. 2, fig. 7), 468682, 468683 (pl. 2, fig. 8), and
468684, and a suite of fragmentary silicified specimens
(USNM 468685), all from USGS collection 6034-CO from
the upper half of the Tyrone Limestone exposed at the Lit-
tle Hickman section A, Jessamine County, Ky., which is
the type locality The holotype (USNM 468676) is a
dorsal-ventral thin section prepared by R.H. Flower (pl. 2,
figs. 1, 9; figure 8) that illustrates the key internal features
of P. floweri.

Several additional small silicified fragments
(468685A) from USGS collection D1138-CO from a section
29 ft (10 m) above the base of the Tyrone Limestone at
West Marble Creek, Jessamine County, Ky., are also tenta-
tively assigned to P, flowert.

Remarks.—Pojetoceras floweri is the second most
abundant nautiloid species identified from the USGS
6034-CO collection from the Tyrone Limestone. It is sec-
ond in abundance only to the small, depressed baltocer-
atid Cartersoceras shideleri. This abundance is measured
in terms of identifiable fragments present in collections
studied by the writer. When added together, specimens of
Cartersoceras and Pojetoceras constitute approximately
70 percent of the identifiable nautiloid material in the
6034-CO collection. Specimens of P. floweri studied con-
sist of silicified portions of phragmocones 5-75 mm in
length. Composite specimens reconstructed using this
fragmentary material indicate that P floweri was a very
slender orthoconic longicone that reached lengths of up
to 25 cm and shell diameters up to 1.5 cm (see pl. 2, figs.
3-5).

Pojetoceras floweri is most similar to a species fig-
ured by Steele and Sinclair (1971, pl. 11, figs. 11, 12) and
identified as Michelinoceras sp. 3. This species was repre-
sented by only three fragmentary silicified phragmocones
that indicate a small, slender orthoconic longicone with
comparatively long camerae. Cameral lengths were equal
to one-half the diameter of the shell at shell diameters of
5-6 mm. The siphuncle was described as small in diame-
ter and centrally located, the septal necks and connecting
rings are not preserved. Michelinoceras sp. 3 was col-
lected from the Braeside Limestone in the Ottawa valley
in eastern Ontario, the strata are roughly equivalent in age
to the Tyrone Limestone in Kentucky. These Canadian
specimens may, after further study, prove to be assignable
to P, flowert.
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Ficure 8.—Camera lucida drawing of sectioned holotype of
Pojetoceras floweri (USNM 468676) from the 6034-CO
collection in the Tyrone Limestone. Compare with plate 2,
figures 1, 9. Venter to the right. Note complex development of
ventral cameral deposits and thin adapical parietal deposits.

Pojetoceras flowert is also similar to Orthoceras shu-
mardi Billings from the Middle Ordovician (Chazyan)
Mingan Formation exposed in the Mingan Islands in the
Gulf of St. Lawrence, Quebec (Foerste, 1938, pl. 17, fig. 3).
This Chazyan species appears to be assignable to Pojeto-
ceras on the basis of its very slender, gradually expanding
longiconic shell, deep camerae, and narrow-diameter,
supracentral to central tubular siphuncle segments. Poje-
toceras shumardi appears to differ from P. flowert in hav-
ing deeper camerae and a more dorsally located siphuncle
at comparable shell diameters.
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Also tentatively assigned to Pojefoceras are a number
of species described by Hook and Flower (1977) from
older Early Ordovician (Ibexian)carbonates in New Mex-
ico. These species, “Michelinoceras” floridaense and “M.”
melleni, are both known from single specimens, both con-
sisting of phragmocone fragments 50 mm in length and
less than 8 mm in maximum diameter. Both specimens
exhibit the diagnostic features of Pojefoceras. Detailed
comparisons with the type species, P floweri, cannot be
made until more adoral portions of these New Mexico
species are known. Numerous other specimens described
by Hook and Flower (1977) as undescribed species of
Michelinoceras are also too fragmentary to compare with
P, floweri.

Etymology.—This species is named in honor of the
late R.H. Flower, who did the initial study of the 6034-CO
fauna and who did much to encourage this writer in his
studies of Ordovician nautiloids.

GENUS PLEURORTHOCERAS FLOWER

Type species.—Orthoceras clarksvillense Foerste,
1924b, p. 220; designated by Flower, 1962, p. 35; Waynes-
ville Formation, Richmondian Stage, Upper Ordovician,
Ohio.

Description—Medium-sized, slender, gradually
expanding orthoconic longicones; circular in section with
straight, transverse sutures. Cameral lengths from
one-third to nearly one-half the diameter of the shell, with
strongly curved, widely spaced septa. Body chamber long
and tubular. Shell exterior smooth.

Siphuncle slightly ventral of center, narrow in diame-
ter, the subtubular segments only slightly expanded
within camerae, twice as long as wide. Septal necks short,
suborthochoanitic. Endosiphuncular deposits unknown.
Cameral deposits well developed, initially mural, becom-
ing mural-episeptal with ontogeny and deposits thicken-
ing ventrally to form a midventral boss.

Stratigraphic range and geographic occurrence.—
Upper Ordovician (Maysvillian to Richmondian Stages),
Laurentia.

Remarks.—Flower (1962) erected this genus for Late
Ordovician orthoceratids that differed from earlier forms,
such as true Orthoceras, by the presence of suborthocho-
anitic rather than orthochoanitic septal necks and
through the development of strictly mural cameral depos-
its compared with the episeptal deposits characteristic of
earlier orthoceratids. Study of Flower’s figured specimens
(MU 268T, 269T) as well as his figures (1962, pl. 6, fig. 4),
indicates that cameral deposits are initially mural but
become episeptal with ontogeny, forming a distinctive
transverse adapical groove ventrally that is visible in
internal molds of the camerae (pl. 2, fig. 10).
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Pleurorthoceras differs from all associated taxa in
the Cincinnatian Provincial Series exposed in the Ken-
tucky-Indiana-Ohio area, in the combination of a slender,
gradually expanding shell, long camerae, and a narrow,
subtubular subcentral siphuncle. The type species P
clarksvillense is an uncommon form, occurring as frag-
mentary specimens in argillaceous wackestone facies in
the upper part of the Bull Fork Formation (Upper Ordovi-
cian, Richmondian) in southwestern Ohio and adjacent
portions of southeastern Indiana. The only other species
currently placed in Pleurorthoceras is P selkirkense
(Whiteaves) from the Selkirk Member of the Red River
Formation (Upper Ordovician, Maysvillian) and the over-
lying Stony Mountain Formation (Upper Ordovician,
Richmondian) in the Winnipeg region of Manitoba.

PLEURORTHOCERAS CLARKSVILLENSE (FOERSTE), 1924B
Plate 2, figures 10-15

Orthoceras clarkesvillense Foerste, 1924b, p. 220, pl. 42,
figs. 1A-B.

Michelinoceras clarkesvillense (Foerste). Foerste, 1932,
p- 72.

Pleurorthoceras clarksvillense (Foerste). Flower, 1962, p.
36, pl. 6, figs. 14.

Diagnosis.—Species of Pleurorthoceras distin-
guished by cameral lengths that range from one-half the
diameter of the shell at diameters of 15 mm or less to
one-third the diameter of the shell at diameters of 30 mm;
narrow, subtubular, central to subcentral siphuncle seg-
ments one-eighth the diameter of the shell.

Description.—Medium-sized (lengths in excess of 65
cm and having shell diameters of up to 3.0 cm), slender,
gradually expanding (apical angle of 4-5 degrees), ortho-
conic longicones; circular in cross section with straight,
transverse sutures. Cameral lengths decreasing with
ontogeny from one-half the diameter of the shell at shell
diameters of 15 mm or less to one-third the diameter of
the shell at a diameter of 30 mm. Body chamber tubular,
one-fourth the total length of the shell, aperture unknown.
External shell surface smooth.

Siphuncle central in position (SPR=0.50) at shell
diameters of 15 mm or less, then becoming subcentral
with ontogeny (SPR=0.45 at diameters of 20 mm and 0.30
at a diameter of 30 mm). Segments only slightly
expanded, subtubular, the SCR values ranging from 0.285
(depressed) in adapical portions of the shell 15 mm or
less in diameter to 0.33 (depressed) in portions of the
shell 20-30 mm in diameter. Siphuncle segments narrow,
from one-eighth to one-tenth the diameter of the shell.
Septal necks short, suborthochoanitic. Connecting rings
thin, homogeneous. Known portions of the siphuncle
devoid of endosiphuncular deposits. Ventral mural depos-
its well-developed in adapical portions of large specimens
at shell diameters less than 22 mm. Deposits becoming
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episeptal adapically with ontogeny. Adoralmost dorsal
cameral deposits thin, mural.

Stratigraphic range and geographic occurrence.—
Upper half of the Bull Fork Formation (“Waynesville” and
“Liberty” biofacies) (Upper Ordovician, Richmondian
Stage) in Warren and Clinton Counties in southwestern
Ohio and in Union, Franklin, and Dearborn Counties in
southeastern Indiana.

Studied material.—Holotype, USNM 48255 (pl. 2, fig.
12), internal mold of a phragmocone 130 mm in length,
“Waynesville Formation,” Blanchester, Clinton County,
Ohio; hypotypes MU 268T (pl. 2, figs. 13-15) and MU 269T
(pl. 2, fig. 10) figured by Flower (1962), “Liberty Forma-
tion,” Addisons Creek, Preble County, Ohio; MU 444T (pl.
2, fig. 11), “Liberty Formation,” Oldenburg, Franklin
County, Ind.; and measured suites of specimens: MU
29853 (nine specimens), “Liberty Formation,” Addisons
Creek, Preble County, Ohio; MU 29854, “Liberty Forma-
tion,” Liberty, Union County, Ind.; MU 29855 (five speci-
mens), “Liberty Formation”, Oldenburg, Franklin County,
Ind., and MU 29856 (five specimens), “Liberty biofacies”
within the upper part of the Bull Fork Formation, Caesars
Creek dam site, Warren County, Ohio.

Remarks.—Pleurorthoceras clarksvillense is an
uncommon species, there being only 23 specimens known
to the writer, most from the Shideler Collection at Miami
University, Oxford, Ohio. The species is apparently
restricted to the upper 15 ft of the “Waynesville biofacies”
and the succeeding 20 ft of the overlying “Liberty biofa-
cies” within the upper half of the Bull Fork Formation
exposed in Clinton, Warren, and Preble Counties in Ohio.
Additional material has been collected from the same
strata in Franklin, Union, and Dearborn Counties in Indi-
ana. The species has not yet been identified from equiva-
lent strata in northern or central Kentucky.

Specimens of P. clarksvillense are commonly holope-
ripherally encrusted by the bryozoan Spatiopora sp.
along with the “worm tube” Cornulites flexuosus (Hall).
The exteriors of specimens from the Addison’s Creek and
Oldenburg localities, including body chambers, are
entirely covered with these encrusting bryozoans. Evi-
dence from these specimens and associated specimens of
the proteoceratid Treptoceras indicates that these bryozo-
ans were preferentially encrusting live nautiloid hosts
(Baird and others, 1989).

Pleurorthoceras clarksvillense is distinct from the
other described species of Pleurorthoceras, P. sellirkense
(Whiteaves) from the Selkirk Member of the Red River
Formation (Upper Ordovician) of southern Manitoba, in
possessing shorter camerae and narrower siphuncle seg-
ments at comparable shell diameters. At shell diameters
of 15 and 20 mm, cameral lengths in P. selkirkense are
from five-sixths to two-thirds the diameter of the shell
(Flower, 1962, pl. 5, figs. 1-17). Camerae at the same
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Ficure 9.—Bivariate plots comparing specimens of Pleuror-
thoceras clarksvillense (circles) with a specimen of P.
selkirkense (Whiteaves) from the Red River Formation in
Manitoba (triangles). A, Cameral length versus shell
diameter. B, Siphuncle diameter versus shell diameter.
Data for P. selkirkense from Flower (1962).

diameters in P clarksvillense average from one-half to
three-eights the diameter of the shell. Siphuncle segments
average one-fifth the diameter of the shell in specimens of
P, selkirkense figured by Flower, compared with segment
diameters that average one-eighth the diameter of the
shell at comparable shell diameters in P clarksvillense.
Differences between these two species are presented
graphically in figure 9.

Pleurorthoceras clarksvillense is somewhat similar
to Ordogeisonoceras amplicameratum (Hall) from older
Shermanian and Edenian strata in the Cincinnati, Ohio-
Covington, Ky., area in the gradual expansion of the shell
and the development of lengthy camerae. It differs from
this species in being a smaller shell with subcentral
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siphuncle segments and short suborthochoanitic septal
necks compared with the middorsal segments with mod-
erately long orthochoanitic septal necks characteristic of
O. amplicameratum. Siphuncle segments in adapical por-
tions of O. amplicameratum develop small annulosipho-
nate deposits that are absent in P. clarksvillense. Cameral
deposits in the Richmondian species consist of
mural-episeptal deposits compared with the massive ven-
tral hyposeptal and episeptal deposits and thin dorsal
episeptal deposits developed in O. amplicameratum.

Pleurorthoceras clarksvillense differs from the Mid-
dle Ordovician (Rocklandian) orthoceratid Pojetoceras
floweri in being a larger shell with simpler mural-episep-
tal cameral deposits and no endosiphuncular deposits.
The smaller Tyrone Limestone species has complex
episeptal and hyposeptal cameral deposits and, adapi-
cally, ventral parietal deposits lining the siphuncle con-
necting the ring wall.

FAMILY GEISONOCERATIDAE ZHURAVLEVA

Medium to large (up to 2 m in length), straight to
slightly curved, generally gradually expanding orthoconic
longicones, circular to slightly depressed in cross section
with typically straight, transverse sutures. Cameral length
moderate to long, one-fourth to one-half the diameter of
the shell. Body chamber comparatively short, typically
less than one-fourth the total length of the shell, distinctly
constricted just adapical of the straight, transverse aper-
ture. Shells smooth to elaborately ornamented with longi-
tudinal, oblique, and (or) transverse elements.

Siphuncle segments moderately wide, diameters
one-sixth to one-fourth the diameter of the shell, typically
middorsal to central in position. Segments only slightly
expanded, depressed, subtubular, with septal foramina
wide relative to the diameter of the siphuncle segment.
Thin connecting rings with moderately long, orthochoa-
nitic to suborthochoanitic septal necks. Endosiphuncular
deposits limited in volume compared with cameral depos-
its, consisting of annuli and parietal deposits that are typi-
cally continuous with cameral deposits. Well-developed
cameral deposits adapically, consisting of planar dorsal
episeptal deposits and massive, botryoidal hyposeptal
and episeptal deposits ventrally.

Stratigraphic range.—Middle Ordovician (Chazyan
Stage) to Middle Devonian (Eifelian Stage).

Remarks.—This seems to be a natural grouping of
related genera that form the dominant group of ortho-
cerid nautiloids in the Silurian. The family originally was
defined on the basis of the occurrence of an orthochoa-
nitic or suborthochoanitic siphuncle coupled with endosi-
phuncular deposits consisting of small annuli and (or)
parietal deposits that grow adorally against connecting
ring walls (Flower, 1939; Sweet, 1964). Subsequent study
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of other orthocerid taxa, in particular, the Orthoceratidae
(Hook and Flower, 1977; Dzik, 1984), has indicated that
these characteristics are not unique to the
Geisonoceratidae.

The Geisonoceratidae, however, differ from Ortho-
ceras and other orthoceratids in being larger, less slender
forms that possess more expanded, broader, less tubular,
dorsally located siphuncle segments with broad septal
foramina, generally shorter cameral chambers, and more
extensive development of cameral and endosiphuncular
deposits at comparable stages of growth. This combina-
tion of features is used here to define members of this
family.

A distinctive feature of this family is the supracentral
to middorsal position of the siphuncle. Previous workers
have inferred that siphuncles in members of this family
were subcentral to midventral in position (Sweet, 1964).
Specimens of Geisonoceras rivale (Barrande), Harriso-
ceras laurelense Flower, Jonesoceras jonesi (Barrande),
Mesnaquaceras curviseptum Flower, Temperoceras tem-
perans (Barrande), Virgoceras palemon (Barrande), and
the species described below all demonstrate the more
massive development of cameral deposits on the side of
the shell opposite the siphuncle (pl. 3, figs. 4, 5, 10). These
deposits are assumed to be developed more massively
ventrally in order to lower the center of gravity, further
stabilizing these longiconic shells. If this assumption is
correct, then the siphuncles in most members of this fam-
ily are supracentral in position. Similar supracentral
siphuncles are found in Proteoceras Flower and in early
growth stages of some species of Treptoceras Flower,
both members of the Proteoceratidae.

The oldest members of this group are Stereoplas-
moceras longicameratum from the Middle Ordovician
(Llandeilan) “Cephalopod Shale” in Norway (Sweet, 1958)
and Mesnaquaceras curviseptum from the lower
Chazyan Day Point Limestone in New York (Flower,
1955b). Other Ordovician Geisonoceratidae are a new
genus described below, currently known from uppermost
Middle Ordovician (Shermanian) limestones and shales in
New York, Kentucky, and the Canadian Arctic. The
Silurian acme of this family consists of the genera Gei-
sonoceras Hyatt, Columenoceras Barskov, Harrisoceras
Flower, Jonesoceras Barskov, Kionoceras Hyatt, Protok-
tonoceras Grabau and Shimer, Temperoceras Barskov,
Vericeras Kolebaba, and Virgoceras Flower. These taxa
are all known from Llandoverian to Pridolian carbonate
facies in Eastern and Central North America (Foerste,
1928c) and from portions of Europe (Barrande, 1874) and
Sardinia (Serpagli and Gnoli, 1977). Well-preserved mate-
rial is also known from Devonian carbonates exposed in
the Atlas Mountains of Morocco. In North America, Devo-
nian representatives are poorly known, the Geisonoceras
teicherti Flower from the lowér Middle Devonian Onon-
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daga Limestone of New York being the only
well-documented species (Flower, 1939).

ORDOGEISONOCERAS NEW GENUS

Type species.—Orthoceras amplicameratum Hall,
1847, p. 205; Trenton Limestone, Shermanian Stage, Mid-
dle Ordovician, New York.

Description.—Large, gradually expanding orthoc-
onic longicones, circular in cross section with straight,
transverse sutures. Cameral lengths nearly one-half the
diameter of the shell adapically, decreasing in length rela-
tive to shell diameter with ontogeny. Body chamber long
and tubular, aperture unknown. Shell with a subdued
ornament of fine longitudinal lirae.

Siphuncle situated close to the dorsal margin of the
shell with elongate, depressed segments at diameters
from one-fifth to one-seventh the diameter of the shell.
Septal necks moderately long, orthochoanitic with broad
septal foramina, nearly the diameter of the siphuncle seg-
ments. Connecting rings thin, segments only slightly
expanded within camerae. Endosiphuncular deposits
consisting of small annuli developed both dorsally and
ventrally, restricted to adapical portions of the phragmo-
cone. Well-developed cameral deposits adapically, the
adoralmost deposits consisting of massive botryoidal
hyposeptal and episeptal deposits ventrally and planar
episeptal deposits dorsally. Dorsal deposits forming later
than ventral deposits.

Stratigraphic and geographic occurrence.—Middle
Ordovician (Shermanian Stage) to Upper Ordovician
(Edenian Stage), North America (Laurentia).

Remarks.—This genus was erected for several large,
gradually expanding orthoconic longicones that are
known from latest Middle Ordovician (Shermanian) plat-
form carbonates in northern Kentucky, New York,
Ontario, and Baffin Island and range into equivalent or
slightly younger mudstone facies of the Utica Shale in
New York and Ontario and the Kope Formation in the Cin--
cinnati, Ohio, region. These longiconic nautiloids are dis-
tinguished by their comparatively long camerae and
dorsal siphuncles with slightly expanded, elongate
siphuncle segments.

Ordogeisonoceras is similar internally to later Sil-
urian taxa such as Geisonoceras Hyatt, differing from this
genus only in the more dorsal position of the siphuncle in
Ordogeisonoceras (pl. 3, figs. 4, 5, 8, 10). Externally,
Ordogeisonoceras has a subtle ornament of fine longitudi-
nal lirae with alternating heavier and finer elements. Gei-
sonoceras is a slightly endogastrically curved longiconic
shell marked by broad, low, transverse bands.
Ordogeisonoceras is also similar to Stereoplasmoceras
longicameratum Sweet from the older Middle Ordovician
(Llandeilan) “Cephalopod Shale” of Norway. It differs



P40

from this form in the apparent greater curvature of the
ventral septal necks in S. longicameratum. Ordogeisono-
ceras apparently became extinct in the Late Ordovician
(Edenian), leaving a gap of about 20 m.y. before the recur-
rence of members of the Geisonoceratidae in carbonate
facies in Laurentia in the late Llandoverian.

Etymology—The genus takes its name from its
occurrence in Ordovician strata and its similarity to the
younger Silurian genus Geisonoceras Hyatt.

ORDOGEISONOCERAS AMPLICAMERATUM (HALL), 1847
Plate 3, figures 1-8

Orthoceras amplicameratum Hall, 1847, p. 205, pl. 51,
figs. la-g.

Orthoceras amplicaomeratum Hall. James, 1886, p. 237.

Orthoceras ludlowense Miller and Faber, 1894b, p. 139-

140, pl. 7, figs. 1-2.

Geisonoceras amplicameratum (Hall). Ruedemann,

1926, p. 90-91, pl. 11, fig. 1; pl. 12, figs. 2, 3.
Michelinoceras ludlowense (Miller and Faber). Flower,

1946, p. 107, 108.

Michelinoceras ludlowense (Miller and Faber). Flower,
1957Db, p. 833, fig. 3B.

Diagnosis.—Very large, gradually expanding ortho-
conic longicone distinguished by cameral lengths that
decrease with ontogeny from one-half to one-sixth the
diameter of the shell, middorsal subtubular siphuncle seg-
ments whose diameters average one-sixth the diameter of
the shell, marked by a subdued external ornament of
alternating fine and heavy longitudinal lirae.

Description.—Large (lengths in excess of 1.25 m and
having shell diameters up to 10.56 cm), gradually expand-
ing (apical angle 44.5 degrees), orthoconic longicones,
circular in cross section with straight transverse sutures.
Cameral length slightly less than one-half the diameter of
the shell at diameters of 30 mm or less, decreasing with
ontogeny to minimal cameral lengths one-sixth the diame-
ter of the shell at a diameter of 90 mm. Body chamber at
‘least one-fifth the total length of the shell; aperture
unknown. Subdued external ormament of alternating
heavy and fine longitudinal lirae, six fine lirae occurring
for each heavy lira.

Siphuncle segments supracentral (SPR=0.68-0.72) at
shell diameters less than 35 mm, becoming middorsal to
dorsal in position (SPR greater than or equal to (=) 0.75)
at shell diameters in excess of 35 mm, and middorsal
(SPR=0.75) at the maximum known shell diameter (90
mm). Segments subtubular, slightly expanded within cam-
erae, longer than wide (SCR=0.40-0.50), diameters averag-
ing one-sixth the diameter of the shell. Septal necks
moderately long, orthochoanitic with broad septal foram-
ina from two-thirds to three-fourths the maximum diame-
ter of the segment. Connecting rings very thin, often not
preserved. Small (less than 1 mm in diameter) annulosi-
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phonate deposits occur dorsally and ventrally in adapical
portions of phragmocones less than 356 mm in diameter.
Cameral deposits well-developed in adapical portions of
shells 40 mm or less in diameter, the adoralmost deposits
consisting of botryoidal hyposeptal and episeptal deposits
ventrally and planar dorsal episeptal deposits. Cameral
deposits forming ventrally prior to their development
dorsally.

Stratigraphic range and geographic occurrence.—
Point Pleasant Tongue of the Clays Ferry Formation in
northern Kentucky and the Kope Formation in the north-
ern Kentucky-Cincinnati, Ohio, region (Shermanian and
Edenian Stages). Elsewhere the species occurs in the
Glendale and Poland Members of the Denley Limestone
(Middle Ordovician, Shermanian Stage) in New York;
Utica Shale (Upper Ordovician, Edenian-Maysvillian) in
New York; and Whitby Formation (Upper Ordovician,
Edenian) in southern Ontario.

Studied material.—Syntypes of Orthoceras ampli-
cameratum Hall, AMNH 29686, AMNH 29687, AMNH
29688 (pl. 3, figs. 6, 7), Trenton Limestone, Middleville,
N.Y; syntypes of O. ludlowense Miller and Faber, UC 6457
(pl. 3, figs. 1-3) and UC 357 (two specimens), base of the
“Hudson River Group” at Ludlow, Ky.; UC 18224, label just
reads “Cynthiana”; and UC 18229 (pl. 3, figs. 4, 5, 8), “60
foot level” above the Ohio River, Cincinnati, Ohio.

Specimen AMNH 29688 is here designated the
lectotype of Orthoceras amplicameratum Hall (1847);
specimens AMNH 29686 and 29687 are designated para-
lectotypes of O. amplicameratum Hall.

Remarks.—While it is not possible to confirm the
nature of the siphuncle segments in the types of O. ampli-
cameratum, comparisons of the type specimens of Ortho-
ceras amplicameratum Hall with those of O. ludlowense
Miller and Faber indicate that these taxa are one and the
same, based on similarities in shell size, apical angle, cam-
eral length, and siphuncle position. These similarities are
presented graphically in figure 10.

Ordogeisonoceras amplicameratum is a rare or
uncommon species in uppermost Middle Ordovician
(Shermanian) and lower Upper Ordovician (Edenian)
strata exposed in the northern Kentucky-Cincinnati,
Ohio, region. The species is most common in the planar-
bedded fossiliferous limestone and shale of the Point
Pleasant Tongue of the Clays Ferry Formation exposed
along the Ohio River valley in northern Kentucky. In these
strata, O. amplicameratum is found as well preserved,
but incomplete internal molds, the septa, endosiphuncu-
lar, and cameral deposits replaced with calcite. These
fragmentary individuals occur in association with more
common specimens of the small orthocerid Isorthoceras
albersi (Miller and Faber) and the small tarphycerid Tro-
cholites faberi Foerste.
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Ficure 10.—Bivariate plots comparing specimens of
“Orthoceras” amplicameratum Hall and “Orthoceras”
ludlowense Miller and Faber. A, Cameral length versus
shell diameter. B, Segment position ratio (SPR) versus
shell diameter. Data for “O.” amplicameratum (squares)
from lectotype and paralectotype AMNH 29688 and 29687.
Data for “O.” ludlowense (circles) from syntypes UC 6457
and 18229 (see pl. 3).

Ordogeisonoceras amplicameratum appears to be a
more common species in interbedded dark limestone and
shale facies within the Denley Limestone (Middle Ordovi-
cian, Shermanian) and the black shale facies of the Utica
Shale (Upper Ordovician) in northern New York and adja-
cent portions of southern Ontario. In these shelf-edge
facies, O. amplicameratum occurs in association with
abundant small longiconic nautiloids assignable to Isor-
thoceras Flower, the small coiled nautiloid Trocholites,
plus the monoplacophoran Sinuites, the trilobites Flexi-
calymene and Isotelus, and a number of small stro-
phomenid and orthid brachiopods. This is the same fauna
associated with the species in the northern Kentucky
area.

The only other species recognized by the writer as
belonging to Ordogeisonoceras is a specimen described
as “Orthoceras sp.” by Foerste (1928d) and listed by him
as coming from strata “corresponding to the Red River
Formation” (Upper Ordovician, Edenian and Maysvillian)
exposed in the Putnam Highlands in western Baffin Island
in the Canadian Arctic. This specimen (University of
Michigan, Museum of Paleontology no. 10261) differs
from O. amplicameratum in having a more gradually
expanding shell (apical angle 3 degrees) and longer
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camerae (cameral length greater than one-half the diame-
ter of the shell at a shell diameter of 50 mm) at compara-
ble shell diameters.

FAMILY PROTEOCERATIDAE FLOWER

Smooth or ornamented, small to medium-sized (less
than 65 cm in length), moderately to rapidly expanding
orthoconic or cyrtoconic longicones. Circular to slightly
depressed in cross section, straight transverse sutures
and short to moderately long camerae with septa exhibit-
ing only weak curvature. Body chambers typically
one-fourth the total length of the shell. Periphract dor-
somyarian. Body chamber constricted just adapical to
aperture.

Siphuncle segments typically supracentral in position
initially, moving to a more ventral position with ontogeny.
Segments expanded equiaxial or compressed in early and
intermediary stages, decompressing with ontogeny, pro-
ducing subtubular, depressed segments adorally. Septal
necks of moderate length, recurved, sometimes recum-
bent, cyrtochoanitic most of the length of the phragmo-
cone, often becoming suborthochoanitic in adoralmost
septa. Connecting rings thin, homogeneous in structure.
Endosiphuncular deposits typically well developed adapi-
cally, consisting of annuli that grow primarily forward to
form parietal deposits that fuse to form ventral endosi-
phuncular linings adapically. Cameral deposits consisting
of lobate mural-episeptal and hyposeptal deposits that
develop ventrally prior to their dorsal development.
Medial mural delta formed in most taxa.

Stratigraphic range.—Middle Ordovician (Chazyan
Stage) to Upper Silurian (Ludlovian Series).

Remarks.—This family was formed for the reception
of Ordovician orthocerids that developed compressed
siphuncle segments and recurved cyrtochoanitic septal
necks. The morphology of this group parallels that of the
Pseudorthoceratidae, the predominant orthocerid family
in younger Devonian and Carboniferous strata. Flower
(1962) indicated that the Proteoceratidae differ from the
Pseudorthoceratidae in (1) the form of the endosiphuncu-
lar deposits, which thicken where the segment curves
adorally from the septal foramen versus more uniform
development in the Pseudorthoceratidae, and (2)the
ontogenetic decompression of the siphuncle segments in
the Proteoceratidae compared with the lack or weak
expression of such decompression in the Pseudorthocer-
atidae. Unfortunately, the complete or nearly complete
specimens necessary to document ontogenetic differ-
ences in siphuncle segment shape are largely lacking for
both of these families. Well-preserved, nearly complete
material is known for Cyrtactinoceras Hyatt, Proteoceras
Flower, and Treptoceras Flower within the Proteocer-
atidae, and all three illustrate well the ontogenetic
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decompression of the siphuncle segments (pl. 5, figs. 1-
4). The few members of the Pseudorthoceratidae in which
a significant portion of the phragmocone is known (Adna-
toceras Flower, Mooreoceras Miller, Dunbar, and Condra,
Paramooreoceras Zhuravleva, and Pseudorthoceras
Girty) do not exhibit this pronounced decompression of
siphuncle segments and have endosiphuncular deposits
that lack the adoral thickening typical of Proteoceras and
Treptoceras. Thus, it is suggested that Flower's criteria for
differentiating these families might be valid. More com-
plete specimens representative of both families are
needed to further validate their distinctiveness. Two gen-
era, Isorthoceras Flower and Gorbyoceras Shimizu and
Obata, originally placed in the Proteoceratidae by Flower,
appear to lack siphuncle segment decompression
(Aronoff, 1979; Flower, 1946) and are placed here in the
Pseudorthoceratidae. The annulated orthocerid Monomu-
chites Wilson is retained in the Proteoceratidae, although
questionably, since there is a lack of knowledge concern-
ing the shape of its siphuncle segments, its endosiphuncu-
lar deposits, and how both change with ontogeny.

GENUS PROTEOCERAS FLOWER

Type species.—Oonoceras perkinsi Ruedemann,
1906, p. 499; designated by Flower, 1955b, p. 821; upper
part of the Chazy Limestone, Chazyan Stage, Middle
Ordovician, New York.

Description.—Small, moderate to rapidly expanding
orthoconic longicones that are slightly curved endogastri-
cally in adapical portions of the shell. Circular in cross
section with straight transverse sutures. Camerae short to
moderate in length, typically decreasing with ontogeny
relative to shell diameter. Body chamber one-fourth the
total length of the shell, slightly constricted just adapical
of aperture. Exterior smooth, marked dorsally by fine lon-
gitudinal color bands.

Assuming an endogastrically curved shell, the
siphuncle is initially middorsal, moving to a more central
position with ontogeny. Expanded globular siphuncle seg-
ments adapically, decompressing with ontogeny, the
adoral segments nearly tubular, longer than wide. Septal
necks cyrtochoanitic, recurved with free brims. Connect-
ing rings thin, homogeneous. Endosiphuncular deposits
consisting of annuli that thicken adorally adjacent to sep-
tal necks and that grow forward with ontogeny to form
thin parietal deposits that fuse into an endosiphuncular
lining. Well-developed cameral deposits adapically, con-
sisting of planar mural-episeptal deposits dorsally and
thick, botryoidal mural-episeptal deposits ventrally.
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Stratigraphic range and geographic occurrence.—
Middle Ordovician (Chazyan to Rocklandian Stages) in
Eastern North America (Laurentia).

Remarks.—This genus was erected by Flower
(1955b) for small cyrtochoanitic longicones from early
Middle Ordovician strata in Eastern North America.
These nautiloids are remarkable for the pronounced
changes in the shape and position of the siphuncle seg-
ments with ontogeny, coupled with the presence of endo-
siphuncular deposits that consist of annuli that are
thickest just adoral of septal necks.

There is some uncertainty as to the orientation of
shells assigned to this genus. Flower (1955b) believed
these shells were endogastrically curved, the siphuncle
located dorsally initially, moving to a more central posi-
tion with ontogeny. As evidence of this orientation,
Flower cited (1) the more massive development of cam-
eral deposits adjacent to the concave side of the shell,
opposite the siphuncle, and (2) the similar thickening of
endosiphuncular deposits and their earlier development
on the side of the siphuncle facing the concave portion of
the shell. These ballast deposits are assumed to be thicker
ventrally in order to lower the shell’s center of gravity, fur-
ther stabilizing these longiconic shells.

Dorsally situated siphuncles are not typical of most
members of the Orthocerida. Most taxa assigned to this
order have either central or subcentral siphuncles. One
other member of the Proteoceratidae, Treptoceras
Flower, exhibits supracentral siphuncle segments in early
growth stages, the siphuncle moving to a subcentral posi-
tion with ontogeny. Some species of the annulated ortho-
cerid Monomuchites, also placed in the Proteoceratidae
by Flower (1962), have siphuncle segments that are
supracentral in position (pl. 9, figs. 3, 4, 17, 19). Members
of the Geisonoceratidae, described above, also exhibit
more massive development of cameral deposits on the
side of the shell opposite the siphuncle, suggesting dorsal
siphuncle segments.

Proteoceras is currently known from Chazyan car-
bonates in the Champlain basin in Upstate New York and
adjacent portions of Vermont and Quebec. Flower (1955b)
suggested that Middle Ordovician (Blackriveran) species
described by Foerste (1932, 1933) as members of the
genus Sactoceras Hyatt might also be assignable to Pro-
teoceras. These species were described from the “Black
River Formation” exposed on St. Joseph Island in Lake
Huron, Ontario. Similarly, Sactoceras tyronensis (Foer-
ste) from the Tyrone Limestone in central Kentucky is
also placed here in Proteoceras, extending the strati-
graphic range of the genus into the Rocklandian.
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PROTEOCERAS TYRONENSIS (FOERSTE), 1912
Plate 4, figures 1-7

Orthoceras tyronensis Foerste, 1912, p. 139, pl. 10, figs.
ba-b.

Sactoceras tyronensis (Foerste). Foerste, 1933, p. 6, pl.
10, fig. 5.

Sactoceras josephianum Foerste, 1933, p. 24, pl. 9, figs.
2a-b, 3a-b.

Sactoceras josephianum Foerste. Wilson, 1961, p. 64-65,
pl. 25, fig. 9.

Diagnosis.—A slender, slightly endogastrically
curved species of Proteoceras with cameral lengths from
one-third to one-fifth the diameter of the shell and siphun-
cle segments that change position from supracentral to
subcentral with ontogeny and that, adapically, are globu-
lar, equiaxial to slightly compressed in shape at diameters
from one-fourth to one-fifth the diameter of the shell.

Description.—Small (phragmocone lengths of at
least 20 cm and having diameters up to 2.4 cm), slender
(apical angle 6-7 degrees), slightly endogastrically curved
orthoconic longicones; circular in cross section with
straight transverse sutures. Cameral lengths decreasing
with ontogeny from one-third the diameter of the shell at
diameters less than 10 mm to one-fifth the diameter of the
shell adorally at shell diameters in excess of 20 mm. Body
chamber lengthy, tubular; aperture unknown. Shell sur-
face smooth.

Siphuncle segments central adapically (SPR=0.50 at
diameters of 10 mm or less), then becoming supracentral
(SPR=0.53-0.57) for much of the known length of the
phragmocone, and then subcentral (SPR=0.47-0.48) in
adoral portions greater than 15 mm in diameter. Segments
globular, equiaxial at diameters of 10 mm or less, becom-
ing compressed (SCR=1.14-1.16) at shell diameters
between 10 and 15 mm. Segment shape in more adoral
portions of shell unknown. Segment diameters between
one-fourth and one-fifth the diameter of the shell. Septal
necks cyrtochoanitic with recurved, free brims. Endosi-
phuncular deposits developed adapically, consisting of
ventral parietal deposits that fuse to form a continuous
endosiphuncular lining. Cameral deposits developed
adapically, the adoralmost deposits consisting of lobate,
botryoidal episeptal deposits ventrally and a well-
developed medial mural delta (pl. 4, fig. 5).

Stratigraphic range and geographic occurrence.—
Rocklandian part of the Tyrone Limestone, Inner Blue
Grass region of central Kentucky; “Black River Forma-
tion,” Middle Ordovician (Blackriveran? Stage), St.
Joseph Island, Lake Huron, Ontario; and “Leray-Rockland
beds” (Middle Ordovician, Rocklandian Stage), Ottawa
region, Ontario and Quebec.

Studied material.—Holotype, USNM 87109, Tyrone
Limestone, 30 ft below the top of the formation, High
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Bridge, Ky; USNM 158629 (pl. 4, figs. 1-3), 468686,
468687, 468688 (pl. 4, fig. 6), 468689 (pl. 4, figs. 5, 7), and
468690 (suite of 10 specimens), all from USGS 6034-CO
collection, Little Hickman section A, Jessamine County,
Ky.

Remarks.—Foerste (1912) based his description of
this species on several small (less than 4.0 cm in length),
fragmentary specimens that were chiefly remarkable for
the holoperipheral encrustation of the shells by the prob-
lematic sponge Dermatostroma tyronensis Foerste. The
other salient features of this species, as described by Foe-
rste, were an orthoconic shell, circular in section, its api-
cal angles varying from 6 to 10 degrees. In the original
description the siphuncle in this species was described as
being “linear in form” and “about 2/3 of a millimeter in
diameter” at a diameter of 7 mm. In a later paper, Foerste
(1933) described the species as having subglobular
siphuncle segments at shell diameters of 11 mm and a
shell that was “very slightly curved lengthwise.” The nau-
tiloid specimens described here from the 6034-CO collec-
tion correspond well with Foerste’s brief description of
“Orthoceras” tyronensis. The general shell morphology,
siphuncle segment position and shape, and the nature of
endosiphuncular and cameral deposits in this species all
indicate placement in the genus Proteoceras Flower.

Specimens of P tyronensis are common within the
silicified USGS 6034-CO collection from the Tyrone Lime-
stone, 46 ft below the top of the formation at the Little
Hickman section. Specimens are typically fragmentary,
consisting of adapical portions of phragmocones less than
1.5 cm in diameter. Proteoceras tyronensis is the fifth
most common longiconic nautiloid present in the 6034-CO
collection, behind the two species of Cartersoceras, Poje-
toceras floweri, and Monomuchites annularis. It shares
the same faunal associates with these species.

Proteoceras tyronensis differs from the type species
of Proteoceras, P. perkinsi (Ruedemann) plus the associ-
ated P. pulchrum Flower, both from the upper part of the
Chazy Limestone (Middle Ordovician, Chazyan Stage) of
New York, in having a more slender, less rapidly expand-
ing shell and an apical angle of 6-7 degrees compared
with values of 8-10 degrees for these Chazyan species.
These differences are presented graphically in figure 11.
Proteoceras tyromensis is most similar to “Sactoceras”
josephianum Foerste, a slender, slightly curved species
of Proteoceras from equivalent Blackriveran and Rocklan-
dian strata exposed on St. Joseph Island in Lake Huron
(Foerste, 1933). Both species have slightly curved, slen-
der shells (apical angle 6-7 degrees) and siphuncles that
are slightly dorsal of center with globular siphuncle seg-
ments. Curiously, the specimens of P josephianum
described and figured by Foerste (1933, pl. 9, figs. 22, 3a)
are also encrusted by a species of Dermaltostroma.
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Ficure 11.—Bivariate plot of cameral length versus shell
diameter for Middle Ordovician species of Proteoceras
from Eastern North America. Species are P. tyronensis
(Foerste) from the USGS 6034-CO collection in the Tyrone
Limestone (circles), and P. perkinsi (Ruedemann)
(squares) and P. pulchrum Flower (triangles) figured by
Flower (1955b) from the Chazy Limestone in New York.

Foerste (1933) described “Sactoceras” josephianum as
being similar to “Orthoceras” tyronensis, remarking that
it differed from this species only in the larger size of the
St. Joseph Island specimens. Specimens of P tyronensis
from the USGS 6034-CO collection are equal in size to
Foerste’s figured specimens of “S.” josephianum, and it is
concluded that these species are synonyms; P. tyronensis
has priority.

Orthoceras huronense Billings and Sactoceras picto-
lineatum Foerste, both from Blackriveran strata exposed
on St. Joseph Island, also appear to be assignable to Pro-
teoceras. Both of these species differ from P tyronensis
in having more rapidly expanding shells and apical angles
of 8 and 8.5 degrees, respectively. The figured specimen of
P, huronense (GSC 1724) preserves a dorsal color pattern
of seven to eight moderately thick longitudinal brown
bands, whereas the specimen of P. pictolineatum figured
by Foerste (1932, pl. 9, figs. 5a-b) has a dorsal color
pattern of numerous (27+) fine, longitudinal, dark lines.
Color patterns are unknown for specimens of P
tyronensis.

GENUS TREPTOCERAS FLOWER

Type species.—Orthoceras duseri Hall and Whitfield,
1875, p. 97; designated by Flower, 1942, p. 16; Waynesville
Formation, Richmondian Stage, Upper Ordovician, Ohio.

Description.—Small to medium-sized, generally
moderately expanding orthoconic longicones, circular in
cross section with straight, transverse sutures. Cameral
lengths ranging from one-fourth to one-seventh the diam-
eter of the shell, typically decreasing with ontogeny rela-
tive to shell diameter. Body chamber one-fourth the total
length of the shell; aperture straight, transverse, no ven-
tral sinus. Periphract dorsomyarian. Shell basically
smooth, marked by fine longitudinal lirae and transverse
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growth lines. Dorsum marked by longitudinal color
bands.

Siphuncle supracentral or central initially, some dis-
tance ventral of center in adoral portions of large speci-
mens. Segments expanded, heart-shaped, equiaxial
initially, becoming compressed, beadlike, and then
decompressing in later growth stages, the segments
depressed, longer than high. Segment diameter ranging
from one-fourth to one-seventh the diameter of the shell,
decreasing with ontogeny. Septal necks cyrtochoanitic;
dorsal brims recumbent, ventral brims recurved but free.
Connecting rings thin, homogeneous. Adapical portions
of phragmocone with endosiphuncular deposits consist-
ing of annuli that thicken adorally, adjacent to septal
necks and grow forward to form parietal deposits ven-
trally and simple annuli dorsally. Parietal deposits fuse
adapically to form a continuous ventral endosiphuncular
lining with ontogeny. Cameral deposits completely filling
chambers in adapical half of large phragmocones; adoral-
most deposits mural-episeptal, initiated ventrally and lat-
erally before developing dorsally.

Stratigraphic and geographic range.—Upper Ordov-
ician (Edenian to Richmondian Stages), Eastern North
America (Laurentia).

Remarks.—As was indicated by Flower (1946), Trep-
toceras is the most common nautiloid taxon encountered
in the Upper Ordovician section exposed in the Cincin-
nati, Ohio, region, which takes into account adjacent por-
tions of Kentucky and Indiana. Many species have been
described from these strata in this area (Miller, 1875;
James, 1886). Most of these species, however, were
described from fragmentary specimens, some represent-
ing different ontogenetic stages of the same nautiloid. The
incomplete, often poorly preserved nature of most
museum material, coupled with the pronounced ontoge-
netic changes characteristic of the genus, makes
species-level systematic study of the genus difficult. To
complicate matters further, Miller (1875) did not desig-
nate types, and the location of some of his figured speci-
mens is unknown. Material that this writer believes to be
the original figured specimens and that are listed as being
type specimens on their museum labels are the holotype
of Orthoceras duseri Hall and Whitfield (University of
California at Berkeley, UCal 34325) and the holotype of
Orthoceras cincinnatiensis Miller (Harvard Museum of
Comparative Zoology, MCZ 3404). Specimens similar to
those figured by Miller (1875, 1881) and listed as “co-
types” in the collections of the University of Cincinnati
(UC) are the “co-types” of Orthoceras fosteri Miller (UC
356) and O. transversa Miller (UC 1328). These speci-
mens, in conjunction with the original species descrip-
tions and illustrations plus well-preserved, nearly
complete specimens collected by the writer, indicate the
presence of at least four distinct species of Treptoceras in
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Cincinnatian Provincial Series strata exposed in the
Kentucky-Indiana-Ohio region.

In the past there has been some confusion as to the
affinities of Treptoceras. Flower (1942, 1957a), citing the
nature of the endosiphuncular deposits and the ontoge-
netic decompression of siphuncle segments, placed the
genus in the Actinocerida. Teichert and Glenister (1953)
decided that Treptoceras was a synonym of Orthonybyo-
ceras Shimizu and Obata, the latter name having priority.
Flower removed Orthonybyoceras (=Treptoceras) from
the Actinocerida and placed this genus in a new family,
the Proteoceratidae, within the Orthocerida. Aronoff
(1979) clarified the taxonomic positions of both of these
genera and demonstrated that Orthonybyoceras is an act-
inocerid distinct from Treptoceras, which he retained in
the Proteoceratidae. Both taxa occur in the Upper Ordov-
ician strata exposed in the Cincinnati region. Orthonyby-
oceras is an uncommon form in the Fairview Formation in
northern Kentucky and in adjacent portions of Ohio and a
rare element in the lower part of the Bull Fork Formation
in Indiana and Ohio (pl. 18, figs. 10-17). Treptoceras, on
the other hand, is ubiquitous to nearly every stratigraphic
unit within the Upper Ordovician section exposed in the
Kentucky-Indiana-Ohio area (pl. 4, figs. 8-12, pls. 5-8).

As indicated in Frey (1987a, 1989), species of Trepto-
ceras are largely restricted to clastic or mixed clastic-
carbonate shallow-marine facies of Late Ordovician Age
in Eastern and Central North America (Laurentia). The
genus has not been identified from coeval carbonate plat-
form facies exposed in Western and Arctic North Amer-
ica. Species of Treptoceras from outside the northern
Cincinnati arch region are 7. maquoketense (Foerste)
from the “Elgin Shale” in Iowa (Upper Ordovician,
Maysvillian); T. manitoulinense (Foerste) from the Geor-
gian Bay Formation (Upper Maysvillian and Richmon-
dian) in southern Ontario; and species referred to as
either “Actinoceras” crebriseptum (Hall) or “Orthoceras”
lamellosum Hall, both from the Pulaski Formation
(Maysvillian) of New York and the Georgian Bay Forma-
tion exposed at Toronto in Ontario. Additional species
possibly assignable to Treptoceras are “Ormoceras” lind-
sleyi Foerste and Teichert from the Cannon Limestone
(Middle Ordovician, Shermanian) of central Tennessee.
This species, if indeed a species of Treptoceras, would
mark the earliest known occurrence of the genus. More
complete specimens of this Middle Ordovician species are
needed to determine its affinities to Treptoceras.

Species of Treptoceras described by Flower (1942)
from the “Cynthiana Limestone” (=Strodes Creek Member
of the Lexington Limestone) at Cynthiana, Ky., are known
only from solitary incomplete specimens sectioned hori-
zontally, obscuring some of the diagnostic features of
these species. Aronoff (1979) placed “Trepioceras” persi-
phonatum Flower (1942, pl. 4, fig. 2) with question in Dei-
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roceras, based on its globular siphuncle segments, long
septal necks, and comparatively deep camerae. He did not
attempt to determine the systematic affinities of the other
two species described by Flower from the same limestone
lens at the same locality. The broad siphuncle segments in
“T'” perseptatum Flower (1942, pl. 1, fig. 1) are suggestive
of Ormoceras or Orthonybyoceras. The apparently short,
recumbent septal necks in this specimen indicate place-
ment in Orthonybyoceras. The narrow diameter, slightly
expanded, barrel-shaped siphuncle segments and gently
recurved, free cyrtochoanitic septal necks in “T” prae-
nuntium Flower (1942, pl. 1, fig. 2) indicate placement of
this species in the Pseudorthoceratidae, possibly in Isor-
thoceras Flower.

Foerste (1893) described a number of small orthoc-
onic longicones from the overlying Lower Silurian (Lland-
overian, Aeronian) Brassfield Limestone in southwestern
Ohio. He placed these species in a new genus, Fuortho-
ceras, but did not formally describe the distinguishing fea-
tures of this genus nor designate a type species. Restudy
of the types of the two best known species referred to the
genus, E. ignotum Foerste (USNM 88554) and E. errati-
cum Foerste (USNM 88549), reveals that these species
belong to two different genera. Fuorthoceras ignotum is
a gradually expanding, slender longicone (apical angle 5
degrees) with short camerae and an internal structure
similar to that of Isorthoceras Flower, having subcentral,
very slightly expanded, barrel-shaped siphuncle segments
with short, cyrtochoanitic septal necks. Mural-episeptal
deposits are known from shell fragments less than 18 mm
in diameter. No endosiphuncular deposits are preserved
in the suite of USNM specimens. Fuorthoceras erraticum
is a more rapidly expanding form (apical angle 7 degrees)
with a smooth exterior and short camerae. The siphuncle
is similar to that of Treptoceras in that it migrates from a
middorsal to a midventral position with ontogeny and
possesses globular, equiaxial segments adapically that
decompress to form slightly expanded, subtubular seg-
ments with ontogeny. Septal necks are short, recurved,
cyrtochoanitic. Episeptal cameral deposits are present in
adapical portions of the phragmocone less than 16 mm in
diameter. Endosiphuncular deposits consist of parietal
deposits ventrally and thin annuli dorsally, observed in
the phragmocone at diameters less than 14 mm.

Euorthoceras, based on E. ignotum, is a member of
the Pseudorthoceratidae, closely related to Ordovician
taxa like Isorthoceras Flower. Euorthoceras, based on E.
erraticum, is a member of the Proteoceratidae, closely
related to, if not in fact, a species of the genus Treptoceras
Flower. As indicated above, Foerste did not designate a
type species for Fuorthoceras (Teichert, 1940). The first
species Foerste unquestionably assigned to Euorthoceras
was E. ignotum (Foerste, 1893, p. 539). As such, this spe-
cies is here designated the type species of Fuorthoceras,
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and the genus assumes the characters of this species,
namely, a slender, gradually expanding longicone with
barrel-shaped siphuncle segments and short, recurved
septal necks with free brims. Euorthoceras erraticum is
removed from Fuorthoceras and is tentatively placed in
the genus Treptoceras Flower, pending further study.
Other species assignable to Fuorthoceras, based on E.
ignotum, are E. cf. E. virgulatum (Hall) from the Brass-
field Limestone in Ohio and southeastern Indiana and
Fuorthoceras sp. from the Ekwan River Formation
(Lower Silurian, Llandoverian) of the James Bay Lowland,
Quebec (Flower, 1968b). Treptoceras? erraticum (Foer-
ste), if determined to be a valid species of Treptoceras,
would be the youngest known member of the genus.

TREPTOCERAS DUSERI (HALL AND WHITFIELD), 1875
Plate 4, figures 8-12; plate 5, figures 1-6

Orthoceras duseri Hall and Whitfield, 1875, p. 97, pl. 3,
figs. 24.

Orthoceras duseri Hall and Whitfield. James, 1886, p. 241.

Orthoceras duseri Hall and Whitfield. Cumings, 1908,
p- 1036, pl. 52, figs. 2-2b.

Orthoceras dusert Hall and Whitfield. Bassler, 1915,
p. 904.

Orthoceras duseri Hall and Whitfield. Parks and Fritz,
1922, p. 16-17, pl. 2, fig. 1; pl. 4, figs. 7, 8.

“teptoceras duseri (Miller). Flower, 1942, p. 16-17.

Orthonybyoceras duseri (Hall and Whitfield). Teichert
and Glenister, 1953, p. 223.

Orthonybyoceras duseri (Hall and Whitfield). Flower,

1957a, p. 56-57.

Treptoceras duseri (Hall and Whitfield). Aronoff, 1979,
p. 113-116, figs. 2a—c, 3d-e.

Treptoceras duseri (Hall and Whitfield). Frey, 1988, p. 81—
84, pl. 1, figs. 1-6; pl. 2, figs. 1-6; pl. 3, figs. 2—4; figs. 3,
5, 6, 8.

Diagnosis.—Large, moderately expanding species of
Treptoceras having siphuncle segments one-sixth to one-
fourth the diameter of the shell that change shape with
ontogeny from equiaxial to compressed and position from
central to subcentral; becoming equiaxial or depressed
and midventral in the adoralmost segments of large
specimens.

Description.—Medium-sized (up to 46 cm in length
and 5.5 cm in diameter), moderately expanding (apical
angle 7.5-8.5 degrees) orthoconic longicone, circular in
cross section with straight transverse sutures. Camerae
short, lengths initially one-fourth the diameter of the
shell, decreasing with ontogeny to one-sixth or one-
seventh the diameter of the shell in adoral portions 20-35
mm in diameter. Body chamber at least one-fourth the
total length of the shell; aperture straight, transverse,
lacking sinus. Periphract dorsomyarian. Shell exterior
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essentially smooth, marked by fine transverse growth
lines and fine longitudinal lirae.

Siphuncle segments central in position (SPR=0.50) at
a diameter of 15 mm, migrating with ontogeny to a sub-
central position (SPR=0.29-0.33) at a diameter of 27 mm,
and midventral in position (SPR=0.25) in adoral portions
40 mm in diameter. Segments initially equiaxial at diame-
ters less than 15 mm, becoming compressed (SCR=1.06—
1.42) between diameters of 15 and 25 mm, equiaxial
between diameters of 25 and 30 mm, then depressed for
the remaining length of shell (SCR < 1.0). Segment diame-
ter from one-fourth to one-sixth the diameter of the shell,
decreasing with ontogeny. Septal necks cyrtochoanitic;
dorsal brims recumbent, ventral brims recurved but free.
Dorsal brims suborthochoanitic at shell diameters greater
than 35 mm. Endosiphuncular deposits consisting of dor-
sal annuli and ventral parietal deposits, restricted to
adapical half of large shells. With ontogeny, ventral pari-
etal deposits fuse to form a continuous ventral endosi-
phuncular lining adapically. Adoralmost cameral deposits
mural-episeptal, the deposits completely filling camerae
in adapical half of large shells.

Stratigraphic and geographic occurrence.—Basal
portions of the Fairview Formation, Hamilton and Brown
Counties in southwest Ohio and Campbell and Kenton
Counties in northern Kentucky; “Waynesville biofacies”
(in the sense of Wahlman, 1992) in the Bull Fork Forma-
tion (Upper Ordovician, Riclimondian) in Clinton and
Warren Counties in southwest Ohio and Dearborn and
Franklin Counties in southeastern Indiana. With question,
from the upper part of the Clays Ferry Formation (Upper
Ordovician, Edenian), Scott County, Ky.

Studied material.—Holotype, UCal 34325 (pl. 4, figs.
8-10), from “shales of the Hudson River Group near
Waynesville, Ohio”; MU 417T (pl. 5, figs. 1-6) from the
Treptoceras dusert shale unit exposed along Harpers
Run, Warren County, Ohio; several suites of specimens
from the T. duseri shale unit: MU 17170 (three specimens)
from the Caesars Creek dam site, Warren County, Ohio;
MU 17171 (two specimens) from Stony Hollow, north of
Clarksville, Clinton County, Ohio; MU 17172 (four speci-
mens) from the Route 42 roadcut northeast of Waynes-
ville, Warren County, Ohio; MU 17173 (nine specimens)
from Harpers Run, Warren County, Ohio; plus additional
material from the Clays Ferry Formation, at Sadieville,
Scott County, Ky. (USNM 468719); the basal Fairview For-
mation at Georgetown, Brown County, Ohio (MU 7871)
and at Dent, Hamilton County, Ohio (MU 29766, pl. 4, fig.
11), and USNM 468727 from the base of the Reidlin Road
section, Forest Hills, Kenton County, Ky. (pl. 4, fig. 12).

Remarks.—Treptoceras duseri is the type species for
the genus Treptoceras Flower. The species is known pri-
marily from the 7. duseri shale unit within the “Waynes-
ville biofacies” of the Bull Fork Formation (Upper
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Ordovician, lower Richmondian) in Warren and Clinton
Counties in southwestern Ohio. In this claystone unit the
species is represented by abundant, largely complete,
well-preserved, calcite-replaced internal molds (pl. 4, figs.
8-10; pl. 5, figs. 1-6). The distinctive preservation of nauti-
loids from the T. duseri shale unit indicates that this clay-
stone is also the source of the holotype.

An internal mold with the general morphological fea-
tures of T duseri is present in USGS collection 7471-CO
from the Edenian part of the Clays Ferry Formation at
Sadieville, Scott County, Ky. (USNM 468719). The internal
details of the siphuncle segments are not known for this
specimen, and better preserved material is necessary to
determine the affinities of this Clays Ferry species.

Additional well-preserved and comparatively com-
plete material assignable to T duseri is known from the
interbedded claystone and thin packstone beds at the
base of the Fairview Formation exposed in Brown and
Hamilton Counties in the vicinity of Cincinnati, Ohio (pl.
4, fig. 11). Fragmentary material referable to this species
has been collected from the same strata exposed along I-
275E in Kenton County, Ky. (pl. 4, fig. 12). Less well pre-
served, large phragmocones (up to 50 cm in length) possi-
bly assignable to T. duseri are common in the Mount
Auburn Member of the Grant Lake Formation (Maysvil-
lian) in parts of Butler and Warren Counties in Ohio.

Treptoceras duseri is most similar to the associated
species, T. fosteri (Miller). It differs from T. fostert in its
more rapidly expanding shell (apical angle 7.5-85
degrees compared with apical angle 5.5-6.0 degrees in T
Jfostert), the more central position of the siphuncle seg-
ments in 7. duseri at comparable diameters (table 7 and
fig. 12), and the shape of the siphuncle segments, the
compressed segments in 7. duseri lacking a well-devel-
oped zone of adnation compared with a well-developed
dorsal zone of adnation in T. fosteri (fig. 13). The ranges
of these two species overlap stratigraphically and geo-
graphically. In the T! duseri shale unit, sampled suites of
specimens indicate that these species occur in the same
beds, T. fosteri being slightly more abundant (N=83) than
T. duseri (N=T3) (Frey, 1989). Elsewhere, however, one or
the other species is predominant, the second species typi-
cally being absent. Treptoceras duseri or a closely related
form is the most abundant nautiloid in the Mount Auburn
Member of the Grant Lake Formation, while a species
similar to T. fosteri is predominant in the underlying Cor-
ryville Member of the same formation, both in southwest-
ern Ohio. Treptoceras duseri has not been identified from
strata younger than the upper part of the “Waynesville
biofacies” in the Bull Fork Formation in southwestern
Ohio and southeastern Indiana. Treptoceras fosteri or a
closely related species (pl. 6, figs. 4, 8) is the most abun-
dant nautiloid species in the “Liberty biofacies” (in the
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sense of Wahlman, 1992) in overlying portions of the Bull
Fork Formation.

Treptoceras duseri is also similar to the associated T
cincinnatiensis (Miller). Both species are moderate to
rapidly expanding, rather large species of Treptoceras,
having central to subcentral siphuncle segments at com-
parable diameters, and well-developed adapical endosi-
phuncular deposits consisting of dorsal annuli and ventral
parietal deposits. Treptoceras duseri is distinct from T.
cincinnatiensis in the less central position of the siphun-
cle in the adoral portions of large specimens (table 7 and
fig. 12); in the narrower diameters of the siphuncle seg-
ments at comparable shell diameters (segment heights
averaging one-seventh the diameter of the shell at diame-
ters in excess of 30 mm in 7. duseri compared with seg-
ment heights one-fifth the diameter of the shell at the
same diameters in 7. cincinnatiensis); and in the
mural-episeptal nature of last-formed cameral deposits in
T. duseri in contrast to the episeptal and hyposeptal
deposits in 7. cincinnatiensis (compare pl. 5, figs. 1-6
with pl. 7, figs. 4-6). Treptoceras duseri and T. cincinna-
tiensis overlap throughout most of their respective
ranges, notably in the basal Fairview Formation in north-
ern Kentucky and in the “Waynesville biofacies” within
the Bull Fork Formation in southwestern Ohio and south-
eastern Indiana. As indicated above, T. duseri is absent
from the overlying “Liberty biofacies” in the Bull Fork
Formation in the same area, whereas T. cincinnatiensis
or a similar form is uncommon in these strata. Compari-
sons of the critical morphological features used to distin-
guish these Cincinnatian species of Treploceras are
presented graphically in figures 14-16.

Ward (1987) has remarked that species of living Nau-
tilus, upon sexual maturity, reach a maximum size at
which growth slows or ceases. In Nauttlus the attainment
of sexual maturity is marked by thickening of the last
formed septum and is preceded by approximation of the
last two or three septa. Not all specimens of Nautilus,
however, exhibit septal approximation (Ward, 1987).
Large specimens of 7. duseri (MU 417T, pl. 5, fig. 1) and
the associated species 7. cincinnatiensis (MU 443T, pl. §,
fig. 3) show similar abrupt septa approximation adorally.
At a diameter of 40 mm in T duseri, cameral length
decreases from 5.5 mm to lengths of 1.5 and 1.3 mm in the
last formed camerae. At a diameter of 55 mm in 7. cincin-
natiensis, cameral length decreases from 9 mm to lengths
of 5 mm and then 3 mm in adoralmost camerae. These
examples suggest that these species of Treptoceras had a
maximum size that could be attained, roughly shell
lengths of approximately 46 cm at diameters of 5.5 cm in
T. duseri and a length of 55 cm and a diameter of 7.5 cm
for specimens of 7. cincinnatiensis. Septal approxima-
tion was also observed in specimens of T. cf. T. fosteri
from the “Liberty biofacies” in the Bull Fork Formation in
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TasLe 7.—Comparisons of the morphological features of species
of Treptoceras from the Bull Fork Formation in the
Kentucky-Indiana-Ohio area showing differences in shell
expansion, cameral length, siphuncle position, segment
shape, and siphuncle diameter relative to shell diameter

[Data from specimens listed in text. CL/D, ratio of cameral length to
shell diameter; SPR, siphuncle segment position ratio; SCR, siphun-
cle segment compression ratio; SD/D, ratio of siphuncle diameter to
shell diameter; mm, millimeter]

Feature duferfi fosjt;ri T 3,’:;; i cmmnTatwnszs
Apical angle, degrees 7.5-8.5 6 5-6 8.5-9
Diameter 35 mm
CL/D 0.17 0.12 0.185
SPR .285 .23 .34
SCR .83 1.00 1.40
SD/D 125 12 .20
Diameter 30 mm
CL/D 166 0.133 133 .166
SPR .30 .23 .23 .33
SCR 1.00 875 1.10 1.20
SD/D .166 .166 .16 .20
Diameter 25 mm
CL/D 19 14 .16 .16
SPR .36 24 .28 40
SCR 1.25 1.14 1.00 1.50
SD/D .20 .16 .20 .24
Diameter 20 mm
CL/D .18 .15 .20 .20
SPR 38 .30 .30 .50
SCR 1.25 1.16 1.00 1.375
SD/D .25 175 .225 .275
Diameter 15 mm
CL/D .20 .166 25 27
SPR 50 46 31 .50
SCR 1.33 1.20 1.00 1.375
SD/D .26 .20 25 .30
Diameter 10 mm
CL/D .20 .30
SPR .50 .55
SCR 1.25 1.20
SD/D .25 .35
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Ficure 12.—Bivariate plot of segment position ratio (SPR)
versus apical angle for species of Treptoceras from the
Bull Fork Formation in the Cincinnati arch region of
Kentucky, Indiana, and Ohio. Measurements of SPR in all
specimens taken at a shell diameter of 27 mm. Species are
T. duseri, N=17 (solid circles); T. fosteri, N=22 (open
circles); and T. cincinnatiensis, N=12 (triangles), where
N is number of specimens measured.

southwestern Ohio (MU 420T, pl. 6, fig. 4), indicating max-
imum lengths of 60 cm and diamneters up to 5.5 cm for this
species.

TREPTOCERAS FOSTERI (MILLER), 1875
Plate 5, figures 7-9; plate 6, figures 1-5,7, 8

Orthoceras fosteri Miller, 1875, p. 127.

Orthoceras fosteri Miller. Miller, 1881, p. 319, pl. §,
figs. 7-7a.

Orthoceras duseri Hall and Whitfield. Parks and Fritz,
1922, pl. 4, fig. 7.

Treptoceras duseri (Hall and Whitfield). Frey, 1988, pl. 1,
figs. 4, 5.

Diagnosis.—Medium to large, slender, gradually
expanding species of Treptoceras with narrow siphuncle
segments one-seventh to one-sixth the diameter of the
shell that change shape with ontogeny from compressed
to depressed and position from central to ventral.

Description.—Medium-sized (up to 45 cm in length
and having shell diameters up to 4.0 cm), slender,
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Ficure 13.—Comparison of siphuncle segment morphology from adapical
portions of specimens of Treptoceras duseri (A) and T. fosteri (B). Both
sections represent portions of the phragmocone between 15 and 20 mm in
diameter and 20 mm in length. Note the strong development of dorsal annuli
in A and their weak development or absence in B. Also note the well-
developed dorsal adnation of adoral portions of segments in T. fosteri (B) and
the weak development of this feature in T. duseri (4). 4, From MU 417T (pl.
5, figs. 3, 5), locality OH-8. B, From MU 17175A, locality OH-7.

gradually expanding (apical angle 5.5-6.0 degrees) ortho-
conic longicone, circular in cross section with straight
transverse sutures. Cameral lengths short, decreasing
with ontogeny from lengths one-fourth the diameter of
the shell initially to one-seventh the diameter of the shell
in more adoral portions of phragmocones 20-35 mm in
diameter. Body chamber one-fourth the total length of the
shell; aperture straight, transverse. Periphract dorso-
myarian. Shell exterior essentially smooth, marked by
fine transverse growth lines and longitudinal lirae. Dorsal
shell surface marked by an alternating sequence of fine
and heavy longitudinal color bands (pl. 6, fig. 3).
Siphuncle segments central or subcentral in position
(SPR=0.45-0.50) at diameters of 10 mm, becoming ventral

with ontogeny (SPR < 0.25 at diameters greater than 25
mm). Segments compressed most of the length of the
phragmocone (SCR=1.15-1.25 at diameters from 10-25
mm), becoming equiaxial at diameters of 25-30 mm and
depressed (SPR < 1.0) at diameters in excess of 30 mm.
Segments narrow in diameter, from one-sixth to one-sev-
enth the diameter of the shell. Septal necks cyrtochoa-
nitic most of the length of the siphuncle, dorsal brims
strongly recumbent, ventral brims recurved but free. Seg-
ments compressed, heart-shaped, having the dorsal por-
tion of the connecting ring adnate to the adoral septum.
Endosiphuncular deposits restricted to the adapical half
of large specimens, dorsal annuli absent or greatly
retarded in their development; ventral parietal deposits
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SHELL DIAMETER, IN MILLIMETERS

Ficure 14.—Bivariate plot of cameral length versus shell
diameter in species of Treptoceras from the Bull Fork
Formation in the Cincinnati arch region. Species are T.
duseri (solid circles), T. fosteri (open circles), and T.
cincinnatiensis (triangles).
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Ficure 15.—Bivariate plot of siphuncle diameter versus shell
diameter in species of Treptoceras from the Bull Fork
Formation in the Cincinnati arch region. Species are T.
duseri (solid circles), T. fosteri (open circles), and 7.
cincinnatiensis (triangles).

fusing to form continuous ventral endosiphuncular lining
adapically with ontogeny. Adoralmost cameral deposits
mural-episeptal, the deposits completely filling camerae
in adapical half of large shells.

Stratigraphic and  geographic  occurrence.—
“Waynesville biofacies” within the Bull Fork Formation
(Upper Ordovician, Richmondian Stage) in Warren and
Clinton Counties, Ohio, Franklin and Dearborn Counties,
Ind.
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Ficure 16.—Bivariate plot of segment position ratio versus
shell diameter for species of Treptoceras from the Bull
Fork Formation in the Cincinnati arch region. Species are
T. duseri (solid circles), T. fosteri (open circles), and T.
cincinnatiensis (triangles).

Studied material.—Lectotype, UC 356 (pl. 5, fig. 8),
“Richmond Formation, Waynesville beds, Clinton County,
Ohio”; MU 418T (pl. 5, figs. 7, 9), Treptoceras duseri shale
unit exposed along Harpers Run, Warren County, Ohio;
hypotypes MU 419T (pl. 6, fig. 1) and MU 276T (pl. 6, fig.
3), T. duseri shale unit, Route 42 roadcut, Warren County,
Ohio; hypotype UC 28389 (pl. 6, fig. 2), Waynesville For-
mation, Oldenburg, Franklin County, Ind.; and studied
suites of specimens from the 7. duseri shale unit: MU
17175 (five specimens) from the Caesars Creek dam site,
Warren County, Ohio; MU 17176 (four specimens) from
Stony Hollow, north of Clarksville, Clinton County, Ohio;
MU 17178 (six specimens) from Harpers Run, Warren
County, Ohio; and three specimens from the Dyche Col-
lection (Miami University) De 856a—c, locality unknown.

Additional material possibly referable to this species
consists of less well preserved internal molds from the
“Liberty biofacies” in the Bull Fork Formation. Figured
specimens are MU 420T (pl. 6, fig. 4) from Flat Fork
Creek, Warren County, Ohio; and MU 422T (pl. 6, fig. 8)
from a roadcut at the junction of Routes 380 and 22, Clin-
ton County, Ohio. Additional measured specimens are MU
29858 (five specimens) from Caesars Creek dam site, War-
ren County, Ohio; MU 29859 (three specimens) from the
roadcut at junction of Routes 380 and 22, Clinton County,
Ohio; and MU 29860 (five specimens) from the area of
Oxford, Butler County, Ohio.
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Remarks.—"“Orthoceras” fosteri was described by
Miller (1875) from two fragmentary internal molds refer-
able to this species figured in a later paper by the same
author (Miller, 1881, pl. 8, figs. 7-7a). Miller distinguished
the species on the basis of its large, gradually expanding
shell, shallow camerae one-eighth the diameter of the
shell, and an excentric siphuncle consisting of ovate seg-
ments “representing the appearance of a string of oval
beads.” He listed the species as occurring in “Clinton
County, Ohio, in the upper part of the Cincinnati Group.”
The drawings of Miller’s figured specimens show two
fragments, one 656 mm in length has diameters of 33 and
25 mm, and a second specimen 46 mm in length has diam-
eters of 27 and 20 mm. Both specimens have an apical
angle of 6.5 degrees.

A number of incomplete specimens, listed as “co-
types” of Orthoceras fosteri, “Richmond Formation, Clin-
ton County, Ohio,” were found in the collections of the
University of Cincinnati (UC 356). The distinctive preser-
vation of these specimens indicates they were collected
from the T. duseri shale unit. Among these specimens are
two continuous sections of a phragmocone, one 65 mm in
length has diameters of 28 and 20 mm, the second 44 mm
in length has diameters of 20 mm and 13 mm. Uncom-
pressed portions of this specimen have an apical angle of
6 degrees. This specimen may represent one or both of
Miller’s figured specimens, although there are minor dif-
ferences in the respective shell diameters, assuming the
illustrations in Miller (1881) are accurate representations
of the specimens. This specimen is figured here (pl. 5, fig.
8) and is designated the lectotype of T fosteri (Miller). A
second, more complete specimen from the 7. duseri shale
at Harpers Run, Warren County, Ohio (MU 418T, pl. 5, figs.
7, 9), illustrates the morphology of the adapical portion of
the phragmocone.

Miller (1875) remarked that O. fosteri most nearly
resembled O. byrnesi Miller but differed from that spe-
cies in having a larger shell with shorter camerae and
siphuncle segments proportionally smaller in diameter.
Miller (1875) listed O. byrnesi as occurring in the “hills
back of Cincinnati; range unknown.” No material similar
to the sectioned specimen of O. byrnesi figured by Miller
was found in the suite of specimens listed as “co-types” of
O. byrnest in the University of Cincinnati collections.
Miller did not designate a type specimen for this species.

Studies of nearly complete specimens of Cincinna-
tian Treptoceras indicate that the cameral length and the
diameter and shape of siphuncle segments vary with
ontogeny. Discriminating species of Treptoceras requires
nearly complete sectioned phragmocones. Miller’s
descriptions and measurements of nearly complete speci-
mens of T. fostert from the T duseri shale unit (pl. 5, fig.
7) suggest that Miller’s distinctions between “Orthoceras”
Josteri and “0.” byrnesi might be the result of these taxa
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being described from different ontogenetic stages of the
same species. The specimen of O. byrnesi figured by
Miller (1875, fig. 13) represents a section of phragmocone
less than 20 mm in diameter. The specimens of O. fosteri
described by Miller in the same paper are adoral portions
of larger specimens, in excess of 30 mm in diameter. The
only significant difference observed in these taxa, based
on Miller’s figures, is the apical angle: 5 degrees in O.
byrnesi and 6-6.5 degrees in O. fosteri. Specimens
assigned to T fosteri from the T. duseri shale exhibit api-
cal angles from 5.5 to 6.0 degrees. A specimen from the
Corryville Member of the Grant Lake Formation in Cler-
mont County, Ohio (MU 11035), has an apical angle of 5
degrees and closely resembles Miller’s figured specimen
of O. byrnesi (pl. 6, fig. 6). These two species may prove
to be synonymous upon further study of larger suites of
complete material. This writer has elected to retain these
taxa as separate species, pending a more thorough search
for Miller's figured specimen of Orthoceras byrnesi.

Comparisons of 7. fostert with the associated T
duseri are discussed above under the remarks for the lat-
ter species. Although Miller (1881) considered these spe-
cies to be synonyms, careful study of well-preserved
material from the 7. duseri shale indicates to this writer’s
satisfaction that they are distinct species. Treptoceras fos-
teri is a more gradually expanding species with siphuncle
segments that are more ventral in their position at compa-
rable shell diameters (table 7 and fig. 12); the segments
lack dorsal annuli in adapical portions of the phragmo-
cone. At most localities exposing the claystones of the T.
dusert shale in southwestern Ohio, T. fostert is the most
abundant species of Trepioceras present, followed by T.
dusert and lesser numbers of T. cincinnatiensis. The lat-
ter species is distinct from T. fosteri in its more robust,
rapidly expanding shell, broader diameter siphuncle seg-
ments, and more central location of these segments at
comparable diameters.

Rather poorly preserved internal molds of a similar,
large (up to 60 cm in length), gradually expanding species
of Treptoceras with siphuncle segments identical to those
in T. fosteri occur in the overlying “Liberty biofacies” of
the Bull Fork Formation in southwestern Ohio and adja-
cent portions of southeastern Indiana (pl. 6, figs. 2, 4, 8).
These specimens differ from specimens of 7. fosteri from
the T duseri shale in having more gradually expanding
shells and, for the majority of these upper Bull Fork spec-
imens, in having apical angles of 5-5.5 degrees compared
with typical values of 5.5-6.0 degrees for the “Waynes-
ville” forms. These “Liberty” specimens seem to be a more
slender variant of 1. fostert and are very similar to Miller’s
species T. byrnesi. This variant is the most abundant nau-
tiloid in the upper half of the Bull Fork Formation in
southeastern Indiana and southwestern Ohio.
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TREPTOCERAS CINCINNATIENSIS (MILLER), 1875
Plate 7, figures 1-8; plate 8, figures 1-3

Orthoceras cincinnatiensis Miller, 1875, p. 127.

Orthoceras cincinnatiensis Miller. Miller, 1881, p. 319, pl.
8, figs. 5-Ha.

Treptoceras duseri (Hall and Whitfield). Frey, 1988, pl. 3,
fig. 1.

Diagnosis.—Large, rapidly expanding species of
Treptoceras with broad siphuncle segments one-fourth to
one-fifth the diameter of the shell that are compressed,
heart-shaped most of the length of the siphuncle, and that
change position with ontogeny from supracentral to sub-
central.

Description.—Medium-sized (up to 55 cm in length,
having shell diameters up to 7.5 cm), rapidly expanding
(apical angle 8.5-9.5 degrees) orthoconic longicone; cir-
cular in cross section with straight, transverse sutures.
Cameral lengths one-fourth the diameter of the shell at
diameters less than 10 mm, decreasing with ontogeny to
one-seventh the diameter of the shell at shell diameters in
excess of 40 mm. Body chamber one-fourth the total
length of the shell; aperture straight, transverse, lacking
sinus. Periphract dorsomyarian. Shell exterior essentially
smooth, marked with fine transverse growth lines.

Siphuncle supracentral (SPR > 0.50) in position at
diameters less than 10 mm, becoming subcentral in posi-
tion with ontogeny (SPR=0.30 at a diameter of 40 mm).
Segments slightly compressed (SCR=1.25) at diameters
less than 10mm, becoming more compressed with ontog-
eny (SCR=1.33-1.50 at diameters of 10-35 mm), and
slightly compressed, heart-shaped, in adoral portions of
large specimens (SCR=1.20 at diameters in excess of 35
mm). Segments broad for the genus, averaging between
one-fourth and one-fifth the diameter of the shell. Endosi-
phuncular deposits extensively developed adapically, con-
sisting of dorsal annuli and ventral parietal deposits that
fuse into a continuous lining with ontogeny. Adoralmost
cameral deposits consisting of distinct episeptal and
hyposeptal elements, the deposits completely filling cam-
erae in adapical half of large shells.

Stratigraphic and geographic occurrence.—Basal
Maysvillian part of the Fairview Formation in northern
Kentucky; “Waynesville” and “Liberty” biofacies within
the Bull Fork Formation (Upper Ordovician, Richmon-
dian Stage) in Warren, Clinton, Butler, and Preble Coun-
ties, Ohio, and Franklin County, Ind.; Rowland Member of
the Drakes Formation (Upper Ordovician, Richmondian
Stage) in Nelson County, Ky.

Studied material—Holotype, Harvard University,
Dyer Collection, MCZ 3404 (pl. 7, figs. 2, 3, 5), Upper
Ordovician, Cincinnati, Ohio, area; MU 423T (pl. 7, fig. 1),
T duseri shale, Bull Fork Formation, Stony Hollow, Clin-
ton County, Ohio; MU 424T, MU 425T (pl. 7, fig. 8), and MU
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426T (pl. 7, figs. 4, 6, 7), T. duseri shale, Bull Fork Forma-
tion, Harpers Run, Warren County, Ohio; MU 427T (pl. 8§,
fig. 1), Bull Fork Formation, Brookville Lake dam site,
Franklin County, Ind.; MU 443T (pl. 8, fig. 3) and MU 445T
(pl. 8, fig. 2), Bull Fork Formation, Oxford, Butler County,
Ohio; USNM 468691a and 468691b, Rowland Member of
the Drakes Formation, Nelsonville, Ky.; measured suites
of specimens from the 7. duseri shale unit: MU 17174
(two specimens) from Stony Run, Warren County, Ohio;
MU 17179 (two specimens) from Stony Hollow at Clarks-
ville, Clinton County, Ohio; MU 17184 (four specimens)
from Caesars Creek dam site, Warren County, Ohio; MU
17185 (one specimen) from the U.S. Route 42 roadcut,
Warren County, Ohio; and MU 17186 (four specimens)
from Harpers Run, Warren County, Ohio. Additional mea-
sured specimens from the “Liberty biofacies” in the Bull
Fork Formation are MU 29862 (one specimen) from the
Dayton, Ohio, area; MU 29863 (one specimen) from the
Caesars Creek dam site, Warren County, Ohio; and MU
29864 (two specimens) from Oxford, Butler County, Ohio.

Remarks.—This species was described by Miller
(1875) and figured by him in a later paper (Miller, 1881, pl.
5-5a). He listed this species as occurring in strata
“exposed in the hills back of Cincinnati; range unknown.”
Miller (1875, p. 128) referred to a specimen of this species
in the C.B. Dyer collection that was 6 in. in length, and
having a diameter at the small end of 3/10 in. and at the
large end of 1.15 in., and having 42 camerae. This speci-
men (pl. 7, figs. 2, 3, 5) is preserved in the Dyer Collection
at the Museum of Comparative Zoology at Harvard (MCZ
3404), is labeled as the holotype of Orthoceras cincinna-
tiensis, and is so recognized here. There is no precise
stratigraphic information associated with the holotype.
The distinctive preservation of this specimen indicates it
is probably from the 7. dusert shale unit in either Warren
or Clinton Counties, Ohio. It should be noted, however,
that similar, well-preserved calcite-replaced internal
molds occur in the basal Fairview Formation in northern
Kentucky and adjacent portions of the Cincinnati, Ohio,
area. These strata also conceivably could be the source of
the holotype.

The species is an uncommon form in the basal Fair-
view Formation in northern Kentucky; the incomplete
specimens collected by the writer were from exposures
along Interstate Route 275E in Kenton County, Ky. Trepto-
ceras cincinnatiensis is most abundant in the 7 duseri
shale unit within the “Waynesville biofacies” in the lower
part of the Bull Fork Formation in southwestern Ohio (pl.
7). In this shale, it is the third most abundant nautiloid
species present, behind the previously described species
of Treptoceras. Morphological comparisons with the asso-
ciated 7. duseri (Hall and Whitfield) and 7. fosteri
(Miller) are provided in the remarks sections for these
species. Treptoceras cincinnatiensis occurs sporadically
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throughout the overlying portions of the Bull Fork Forma-
tion in Ohio and southeastern Indiana (pl. 8, figs. 1-3).
Fragmentary silicified material assignable to the species
occurs in the equivalent Rowland Member of the Drakes
Formation in the vicinity of Bardstown, in north-central
Kentucky.

Outside of the northern Cincinnati arch region, a sim-
ilar species occurs in the Georgian Bay Formation (Upper
Ordovician, Richmondian) in southern Ontario. Parks and
Fritz identified this species as Actinoceras cf. clouei (Bar-
rande) and illustrated a specimen from this strata at Tor-
onto, Ontario (Parks and Fritz, 1922, pl. 4, fig. 5). Copper
(1978, pl. 5, fig. 5) illustrated a similar form from equiva-
lent strata exposed on Manitoulin Island that he identified
as Ormoceras piso Billings. This species appears to be
very similar in all aspects to the specimens of Treptoceras
cincinnatiensts described here.

TREPTOCERAS TRANSVERSUM (MILLER), 1875
FPlate 8, figures 4-9

Orthoceras transversa Miller, 1875, p. 129, fig. 15.

Orthoceras hindei James, 1878, p. 6, pl. 1.

Orthoceras hindei James. James, 1886, p. 240-241, pl. 4,
figs. 4a—d.

Orthoceras cf. O. transversum Miller. Ruedemann, 1926,
p. 87, pl. 12, fig. 5.

Diagnosis.—Small, slender species of Treptoceras
distinguished by its external ornament of coarse, raised
transverse lirae and its small-diameter, subcentral,
slightly compressed to equiaxial siphuncle segments.

Description.—Small (up to 30 cm in length and up to
2.5 cm in diameter), slender, rather gradually expanding
(apical angle 6-6.5 degrees), orthoconic longicone; circu-
lar in section with straight, transverse sutures. Cameral
lengths ranging from one-fourth to one-sixth the diameter
of the shell, decreasing with ontogeny. Body chamber
long, approximately one-fourth the total length of the
shell. External ornament consisting of coarse, closely
spaced, raised transverse lirae uniformly developed the
length of the shell.

Siphuncle subcentral the known length of the shell,
ranging from nearly central adapically (SPR=0.44 at a
diameter of 8 mm) to nearly midventral positions adorally
(SPR=0.275 at a diameter of 20 mm). Siphuncle segments
slightly compressed adapically (SCR=1.16 at diameters
less than 15 mm) and decompressing with ontogeny,
becoming equiaxial (SCR=1.0) adorally at diameters
greater than 20 mm. Segments narrow, ranging from
one-fifth to one-sixth the diameter of the shell. Septal
necks short, recurved, cyrtochoanitic. Endosiphuncular
deposits consisting of ventral parietal deposits developed
at diameters less than 15 mm. Dorsal deposits unknown.
Adoralmost cameral deposits of the mural type.
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Stratigraphic and geographic occurrence—The
Edenian portions of the Kope and basal Fairview Forma-
tions in northern Kentucky and adjacent portions of the
Cincinnati, Ohio, region and southeastern Indiana; Whet-
stone Gulf Shale (Upper Ordovician, Maysvillian Stage) in
northwestern New York.

Studied materials.—University of Cincinnati “co-
types” are UC 1328A (pl. 8, fig. 7), UC 1328B (pl. 8, fig. 6),
UC 1328C (pl. 8§, figs. 4, 8), all listed as coming from “Eden
Formation at Cincinnati, Ohio”; USNM 468692 (pl. 8, fig.
5) and 468693 (pl. 8, fig. 9), from the Kope Formation
exposed just east of Fort Thomas, Campbell County, Ky;
UC 48259 from the “Eden Shale” at Newport, Campbell
County, Ky.; plus seven unfigured specimens listed as “co-
types” (UC 1328), “Eden Shale” at Cincinnati, Ohio.

Remarks.—Miller (1875) distinguished this species
on the basis of its medium-sized, gradually expanding
shell and an “outer shell with transverse lines.” Camerae
were described as shallow, cameral lengths one-fourth to
one-fifth the diameter of the shell and a siphuncle
described as excentric in position. Miller indicated that
the species did not extend more than 300 ft above the
low-water mark of the Ohio River in the Cincinnati area,
being collected from an excavation for Columbia Avenue
at 150 ft above the low-water mark, and at Eden Park, 200
ft above river level. He indicated that the species was “not
common by any means” in these strata. “Co-types” of T.
transversum in the collections of the University of Cin-
cinnati (UC 1328) consist of a nuniber of specimens from
the “Eden Formation at Cincinnati, Ohio.” This collection
does not contain the partially sectioned specimen figured
by Miller (1875, fig. 15), although all of these specimens
are obviously examples of Miller's species. The where-
abouts of Miller's figured specimen remains unknown. As
such, UC 1328C (pl. 8, figs. 4, 8) is here designated the lec-
totype for T. transversum (Miller). The other specimens
labeled “co-types” in the University of Cincinnati collec-
tions are considered to be paratypes.

A nearly complete, shelled specimen of T. transver-
sum (USNM 468692, pl. 8, fig. 5) and a specimen partially
covered holoperipherally with encrusting bryozoans
(USNM 468693, pl. 8, fig. 9) were collected by the writer
from a thin packstone bed within the claystone and thin
limestone of the Kope Formation (Upper Ordovician,
Edenian) exposed at the junction of River Road and State
Route 8, east of Ft. Thomas and south of the I-275E
bridge, in Campbell County, Ky. Less complete specimens
of T. transversum were collected from a claystone bed in
the Kope Formation exposed 18 m above the road level in
a roadcut on the north side of Orphanage Road, just west
of the junction of State Route 17 and I-275E, Kenton
County, Ky. Here the species was found associated with a
diverse molluskan fauna that consisted of the nautiloid
Trocholites faberi (pl. 19, figs. 6-10), several species of
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gastropods, the monoplacophorans Cyriolites and Sinu-
ites, pelecypods, and rostroconchs, as well as the brachi-
opods Onmniella and Zygospira, and three-dimensional
specimens of the graptolite Geniculograptus typicalis.

Fragmentary specimens of T' transversum were also
collected from the overlying claystone and thin limestone
of the basal Fairview Formation (Upper Ordovician, Ede-
nian and Maysvillian) exposed at a roadcut along the
south side of I-74, 2 mi west of Harrison, Dearborn
County, Ind. In the Cincinnati arch region, T. transversum
appears to be restricted to the Kope Formation and the
overlying basal portions of the Fairview Formation
exposed in adjacent portions of northern Kentucky,
southwestern Ohio, and southeastern Indiana.

A species collected from the same strata at Cincin-
nati, Ohio, and described as Orthoceras hindei by James
(1878) appears to be a preservational phase of T. trans-
versum. These partially replaced, calcite internal molds
of a small longicone have the same shell morphology as
better preserved specimens of 7. {ransversum. “Ortho-
ceras” hindei James is here placed in synonymy with T.
transversum (Miller).

Treptoceras transversum is easily distinguished from
other Cincinnatian species of Treptoceras on the basis of
its typically smaller, slender shell, marked by its unique
transverse ornament, and its small-diameter, subcentral
siphuncle segments. The species is distinct from similar
small, slender species of the pseudoceratid Isorthoceras
in its globular, compressed siphuncle segments compared
to the depressed, barrel-shaped segments characteristic
of the latter genus. The distinctive transverse external
ornament in specimens of T. transversum also readily
distinguishes it from the longitudinal lirae characteristic
of I. albersi (Miller and Faber) and the cancellate orna-
ment of I. rogersensis (Foerste) (see pl. 10), both known
from the Clays Ferry Formation in northern Kentucky.

GENUS MONOMUCHITES WILSON

Type species.—Monomuchites costalis Wilson, 1961,
p- 23; by original designation; “Leray beds,” Rocklandian
Stage, Middle Ordovician, Ontario.

Description.—Small to medium-sized, moderately to
rapidly expanding orthoconic longicones, often slightly
curved adapically; circular in cross section with straight,
transverse sutures. Cameral lengths from one-fourth to
one-seventh the diameter of the shell, decreasing with
ontogeny. Body chamber long; aperture unknown. Shell
exterior marked by transverse annuli, one annulation per
cameral chamber. Annuli variably developed, from indis-
tinct rounded to sharply defined elevated; separated by
shallow, concave interannular spaces. Annuli and interan-
nular spaces marked by transverse growth lines.

Siphuncle moving from supracentral to subcentral in
position with ontogeny. Segments slightly expanded
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within camerae, depressed to compressed in shape; nar-
row in diameter, from one-fourth to one-sixth the diame-
ter of the shell. Septal necks short, cyrtochoanitic,
recurved with free brims. Endosiphuncular deposits
poorly known, consisting of ventral parietal deposits
developed adapically. Adoralmost cameral deposits con-
sisting of trilobate, botryoidal, ventral-lateral, mura-
episeptal deposits and thin, dorsal episeptal deposits.

Stratigraphic and geographic occurrence.—Middle
Ordovician (Blackriveran and Rocklandian), Eastern
North America (Laurentia).

Remarks.—Wilson (1961) erected this genus for Mid-
dle Ordovician annulated longicones with transverse
growth lines that were previously referred to as species of
Cycloceras M'Coy by Foerste (1932). True Cycloceras is a
poorly known Carboniferous form based on an internal
mold of a body chamber in which even the position of the
siphuncle is in doubt. Sweet (1964) suggested that until
better specimens of C. annularis (Fleming), the type spe-
cies, are discovered, the name Cycloceras should be
applied only to this species. It is probable, at any rate, that
these Ordovician species are distinct from these younger
Carboniferous annulated longicones.

Kobayashi (1927) erected the genus Tofangoceras for
similar annulated longicones with narrow, expanded
siphuncle segments from Middle Ordovician (Blackrive-
ran) carbonates in Manchuria and Korea. He did not fig-
ure the exteriors of either of the two species that he
referred to this genus, and his illustrations of the internal
features of the genus are of a naturally weathered section
that shows the expanded nature of the siphuncle seg-
ments but little else. Tofangoceras, as based on the type
species, T. pauciannulatum, appears to have a more
gradually expanding shell than either of the described
species of Monomuchites, and its external ornament is
stated to consist of one annulation for every two camerae,
annuli being more broadly spaced than those in species of
Monomuchites.

Monomuchites is distinguished from the associated
annulated orthocerid Gorbyoceras Shimizu and Obata in
lacking the longitudinal lirae that are characteristically
developed in representatives of this genus. Similarly,
Monomuchites can be distinguished from the annulated
genus Anaspyroceras Shimizu and Obata on the basis of
its more rapidly expanding shell form and in its lack of
longitudinal lirae, although this longitudinal ornament is
not well documented for the type species of Anaspyro-
ceras, A. anellus (Conrad). Unfortunately, the nature of
the siphuncle segments is poorly documented for all of
these annulated longicones. Expanded globular siphuncle
segments are developed in several species of Monomu-
chites and in Gorbyoceras. Siphuncle segments in Late
Ordovician species assigned to Anaspyroceras by Flower
(1946) are depressed, subtubular in shape.
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The genus Monomuchites is apparently restricted to
Blackriveran to Rocklandian carbonate facies throughout
Eastern North America, species being known from the
Watertown Limestone in New York, the “Leray-Rockland
beds” exposed in the Ottawa region of Ontario and Que-
bec, the Tyrone Limestone in central Kentucky, and the
Platteville Group in Illinois or Platteville Formation in
Minnesota and Wisconsin. Monomuchites was a victim of
the widespread extinction of nautiloid taxa that occurred
at the end of the Rocklandian, and no post-Rocklandian
species is known to the writer. Three species of Monomu-
chites have been identified in the USGS 6034-CO collec-
tion from the upper hailf of the Tyrone Formation in
central Kentucky.

More complete and better preserved material is nec-
essary to clarify the relevant morphological features of
Monomuchites and these other Ordovician annulated lon-
gicones. Flower (1962) placed several of these genera in
the Proteoceratidae, describing Monomuchites as having
endosiphuncular deposits of the proteoceratid type and
showing siphuncle segment decompression with ontog-
eny. He did not, however, indicate the specimens upon
which these observations were based, nor has such mate-
rial been illustrated. Until the details of the siphuncle and
its deposits can be documented for all of these Ordovician
annulated longicones, they will remain of uncertain affini-
ties. The genus is here retained in the Proteoceratidae, on
the basis of the rapidly expanding shell form and supra-
central position of adapical siphuncle segments, plus pro-
teoceratidlike endosiphuncular deposits in one of the
species of Monomuchites described below.

MONOMUCHITES CF. M. COSTALIS WILSON, 1961
Plate 9, figures 16-19

Monomuchites costalis Wilson, 1961, p. 24-25, pl. 5, figs.
5-ba.

Diagnosis—Moderately expanding species of Mono-
muchites distinguished by its narrow-rimmed, transverse
annuli separated by shallow, concave interannular spaces.

Description.—Small (lengths of up to 14 cm and
diameters up to 2.0 cm), moderately expanding (apical
angle 7.5-8 degrees) orthoconic longicones; circular in
section with straight, transverse sutures. Cameral cham-
bers short, decreasing with ontogeny from one-fourth to
one-fifth the diameter of the shell. Body chamber
unknown. Shell exterior marked by low, narrow-rimmed
transverse annulations, one per cameral chamber. Annuli
separated by shallow concave interannular spaces typi-
cally twice as broad as the annuli. Interannular spaces
bisected by sutures.

Siphuncle supracentral in position in known portions
of the shell at SPR values ranging from 0.60 at a diameter
of 10 mm to 0.53 at a diameter of 19 mm. Segment shape
poorly known, globular, compressed (SCR=1.33) at shell
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diameters between 10 and 15 mm. Segments narrow,
one-fourth the diameter of the shell at these diameters.
Septal necks short, recurved, cyrtochoanitic. Endosi-
phuncular deposits unknown. Cameral deposits
well-developed adapically, consisting of trilobate, botryoi-
dal, ventrolateral, mural-episeptal deposits and thin, dor-
sal episeptal deposits at diameters of 10-20 mm.
Adapically, there is development of a large, subcircular,
central “boss” that impinges on the ventral surface of the
siphuncle segment.

Stratigraphic and geographic occurrence.—Upper
part of the Rocklandian portion of the Tyrone Limestone,
Inner Blue Grass region of central Kentucky.

Studied material.—USNM 158667 (pl. 9, figs. 18, 19),
USNM 158672 (pl. 9, figs. 16, 17), USNM 468705, and
USNM 468706, all from the USGS 6034-CO collection, Jes-
samine County, Ky.

Remarks.—This annulated longicone is a rare ele-
ment in the diverse assemblage of silicified nautiloids
obtained from the USGS 6034-CO collection in the Tyrone
Limestone, represented by only four specimens. These
consist of silicified fragments of phragmocones less than
2.0 cm in diameter. The narrow-rimmed transverse annuli
separated by shallow, concave interannular spaces and
the moderate rate of shell expansion suggest assignment
of these specimens to the type species of the genus, M.
costalis Wilson, from the equivalent “Leray beds” in the
Ottawa, Ontario region. The siphuncle segments pre-
served in Tyrone specimen USNM 468706 are somewhat
more expanded than those illustrated for GSC 13844, the
holotype of this species (Wilson, 1961, pl. 5, fig. 5). Fur-
ther comparisons with the type material are difficult, as
the second specimen (GSC 13845) figured by Wilson
(1961, pl. 5, fig. 6) consists of a larger diameter, more
adoral section of the shell compared with the Kentucky
specimens. This writer’s studies of more complete speci-
mens of Monomuchites indicate that the external orna-
ment of the shell changes with ontogeny, the annuli
becoming more closely spaced and the interannular
spaces decreasing in width. Pending comparisons of a
larger suite of the Tyrone material with more complete
specimens of the Canadian species, these Tyrone speci-
mens are only tentatively assigned to M. costalis.

In terms of rate of shell expansion, cameral lengths,
and siphuncle position and in the number of annuli per
length of shell, these Tyrone specimens also appear to be
similar to M. decrescens (Billings), another Canadian spe-
cies from the Ottawa region. The criteria used by Wilson
(1961) to distinguish this species from the associated M.
costalis appear to result from comparisons of different
ontogenetic stages of the shell. The rate of shell expan-
sion is similar for both species, the only distinction being
the number of annuli per length of shell: eight annuli in a
length equal to an adoral diameter of 30 mm in M. costalis
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versus six annuli in a length equal to an adoral diameter of
25 mm in M. decrescens (see table 8). Comparisons using
larger collections of more complete, better preserved
material are necessary to determine the distinctiveness of
these two Canadian species.

Monomuchites cf. M. costalis is distinguished from
the other two species of Monomuchites described here
from the 6034-CO collection on the basis of its narrow-
rimmed annulations separated by shallow, concave inter-
annular spaces (pl. 9, figs. 18, 19). Monomuchites obliq-
uwm n. sp. is a more gradually expanding (apical angle 6—
6.5 degrees), slightly curved form with less well defined,
rounded, and oblique annulations (pl. 9, figs. 5-8). Mono-
muchites annularis n. sp. is more similar to M. cf. M. cos-
talis in general shell form but differs in its broader, more
strongly defined annuli and interannular spaces (pl. 9,
figs. 1, 11). A comparison of the distinctive external orna-
ment used to distinguish these Tyrone species of Mono-
muchites is presented in figure 17.

MONOMUCHITES ANNULARIS NEW SPECIES
Plate 9, figures 1-3, 11-15

Cycloceras cf. C. decrescens (Billings). Foerste, 1932, p.
86, pl. 12, figs. 5A-B, 7 (Foerste, 1933).

Diagnosis.—Moderately expanding, slightly curved
species of Monomuchites distinguished by its
well-delineated, elevated, broad transverse annuli sepa-
rated by broad, flat interannular spaces.

Description.—Medium-sized (up to 40 cm in length
and shell diameters up to 5.0 cm), moderately expanding
(apical angle 7-8 degrees) orthoconic longicones, slightly
endogastrically curved adapically; circular in cross sec-
tion with straight, transverse sutures. Cameral chambers
short, decreasing with ontogeny from one-fourth the
diameter of the shell at diameters of 10 mm or less to
one-seventh the diameter of the shell at diameters in
excess of 30 mm. Body chamber poorly known. External
ornament of strongly defined, broad, elevated transverse
annuli, one per cameral chamber. Interannular spaces flat,
broader than annuli except in adoral portions of large
specimens; marked by transverse growth lines.

Siphuncle supracentral in position in adapical por-
tions of shells 20 mm or less in diameter, moving to a
more central position at a diameter of 30 mm. Segments
at these diameters expanded, globular, equiaxial to com-
pressed; diameters typically one-fourth the diameter of
the shell. Shape of segments unknown in adoral portions
of the shell greater than 20 mm in diameter. Septal necks
poorly known; cyrtochoanitic. Endosiphuncular deposits
unknown. Cameral deposits restricted to adapical por-
tions of the shell 20 mm or less in diameter, consisting of
massive, trilobate, botryoidal ventrolateral mural-episep-
tal deposits and dorsal episeptal deposits.
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TaeLe 8.—Comparison of the morphological features of species
of Monomuchites from the Middle Ordovician (Rocklandian)
of Eastern North America

[Data from specimens figured by Wilson (1961) and suites of measured
specimens from the 6034-CO collection from the Tyrone Limestone
in central Kentucky. A/D, ratio of number of annuli per length to
diameter; A/AIS, ratio of width of annuli to width of interannular
space; CL/D, ratio of cameral length to shell diameter; SPR, segment
position ration; SCR, segment compression ratio; mm, millimeter]

M. cf

Feature M. . M. . M M. .
costalis desrescens costalis obliqguum annularis
Apical angle, degrees 8 859 758 6-6.5 7-8
Diameter 35 mm
AD - - - - 7
A/IAS - - - - 3/2.5
CL/D - - - - 14
SPR - - - - -
SCR - - - - -
Diameter 30 mm
A/D 8 - - - 6.5-7
A/IAS 2/2 - - - 2.5/3
CL/D 13 - - - .15
SPR - - - - -
SCR - - - - -
Diameter 25 mm
AD 6.5 6 - - 56
A/IAS 2/2.5 2/3 - - 2/3
CL/D .16 .16 - - .16
SPR - - - - -
SCR - - - - -
Diameter 20 mm
AD - 5 56 5-5.5 5-6
A/TAS 1.5/3 - 1525 372 2/3
CL/D .20 175 175 175 175
SPR - b5 .b3-55 .48 .55-.60
SCR .86 .86 - - -
Diameter 15 mm
AD - - 5 - 5
A/IAS - - 1725 1.5/2.5
CL/D .20 - .20 .20 .20
SPR - - .60-62 .53 .60
SCR 1.0 - 1.33 1.16 1.33
Diameter 10 mm
AD - - - - 445
A/IAS - - - - 172
CL/D - - .30 - .256-30
SPR - - - - .66
SCR - - 1.33 - 1.0
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Ficure 17.—Comparison of the external ornament characteristic of
species of Monomuchites from the USGS 6034-CO collection in the
Tyrone Limestone. A4, Monomuchites cf. M. costalis (USNM 158667,
pl. 9, fig. 18); B, M. annularis (USNM 158674, pl. 9, fig. 11); C, M.
obliguum (USNM 158653, pl. 9, fig. 5).

Stratigraphic and geographic occurrence.—Upper
part of the Rocklandian portion of the Tyrone Limestone,
Inner Blue Grass region of central Kentucky; “Black River
Formation” (Middle Ordovician), St. Joseph Island, Lake
Huron, Ontario; Platteville Formation (Middle Ordovi-
cian, Rocklandian Stage), Minnesota and Wisconsin, or
Platteville Group in Illinois.

Studied material—Holotype USNM 158674 (pl. 9,
fig. 11); paratypes USNM 158630 (pl. 9, fig. 1), 158671 (pl.
9, fig. 2), 158675, and 158676 (pl. 9, fig. 15); plus studied
suite USNM 468716, all from the USGS 6034-CO collection
in the Tyrone Limestone, Jessamine County, Ky.; USNM
162068 (pl. 9, fig. 14), “Platteville Formation,” Dixon, IIL;
and USNM 25275 (pl. 9, fig. 13), Mineral Point, Wis.

Remarks.—Monomuchites annularis n. sp. is the
fourth most abundant longiconic nautiloid in the 6034-CO
collection from the Tyrone Limestone. It is represented in
this collection by more than 25 silicified specimens 40
mm or more in length as well as by numerous smaller
fragments. Specimens consist primarily of adapical por-
tions of phragmocones less than 20 mm in diameter.
These portions of the shell are less fragile than more
adoral portions of the phragmocone due to the nearly

complete filling of cameral chambers by cameral depos-
its, forming a nearly solid shell mass adapically. Unfortu-
nately, septa and connecting rings are poorly preserved,
their outlines preserved as impressions within the sur-
rounding cameral deposits (pl. 9, fig. 15). More adoral por-
tions of the siphuncle are, as a consequence, largely
unknown.

Monomuchites annularis is the most abundant of
the three species of Monomuchites in the 6034-CO collec-
tion. It is distinguished from the similar M. cf. M. costalis
through the development of more strongly delineated,
broader annuli and interannular spaces (fig. 17). Mono-
muchites annularis is less similar to M. obliguum n. sp.,
differing from this species in the development of a more
rapidly expanding shell with more strongly developed
transverse annuli, compared with the low, rounded,
oblique annuli in M. obligquum.

Foerste (1932, pl. 12, figs. 5A-B, 7) described and fig-
ured Cycloceras cf. C. decrescens (Billings) from the
“Black River Formation” (Middle Ordovician) exposed on
St. Joseph Island, Lake Huron. Foerste described these
specimens (University of Michigan 14419, 144454, and
144455) as differing from typical Cycloceras decrescens
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“only in the slightly greater prominence of their annula-
tions.” These specimens are similar to the Kentucky spec-
imens of M. annularis in apical angle, the conspicuous
nature of the annuli, the number and relative dimensions
of the annuli per shell diameter, and in the globular,
expanded nature of the siphuncle segments. These simi-
larities indicate that these Canadian specimens are also
assignable to M. annularis. Monomuchites annularis
has more prominent transverse annuli and interannular
spaces plus a less rapidly expanding shell compared with
the type specimens of M. decrescens (Billings) that are
figured by Foerste (1932, pl. 12, figs. 1A-C) and by Wilson
(1961, pl. 5, figs. 7, 8).

Foerste (1932, pl. 12, fig. 4) described and figured
“Cycloceras sp.” from the “Platteville member of the
Black River Formation” exposed at Minneapolis, Minn.
Similar specimens from the Platteville Group at Dixon, Ill.
(USNM 162068, pl. 9, fig. 14), and from Mineral Point, Wis.
(USNM 25275, pl. 9, figs. 12, 13), that were measured as
part of this study indicate that these annulated Platteville
specimens are also assignable to M. annularis.

These occurrences of M. annularis indicate that this
species was broadly distributed across the shallow-shelf
areas of eastern Laurentia during Middle Ordovician
(Rocklandian) times. This widespread distribution as well
as the similar distributions of associated nautiloid taxa
(Proteoceras tyronensis, Ormoceras ferecentricum)
attest to the uniform, unrestricted shallow-marine shelf
conditions that existed across much of this area at this
time.

MONOMUCHITES OBLIQUUM, NEW SPECIES
Plate 9, figures 4-10

Diagnosis.—Gradually expanding, slightly curved
species of Monomuchites distinguished by its low,
rounded, oblique annuli and poorly delineated interannu-
lar spaces.

Description.—Small (lengths of 18 cm and diameters
up to 2.0 cm), gradually expanding (apical angle 6-6.5
degrees) orthoconic longicone, endogastrically curved
adapically; circular in cross section with straight, trans-
verse sutures. Cameral chambers short, cameral lengths
ranging from one-fifth to one-sixth the diameter of the
shell, decreasing with ontogeny. Body chamber unknown.
Exterior marked by low, indistinct, rounded, oblique
annuli that slope from the dorsum to the venter in the
adoral direction. Annuli separated by poorly delineated
interannular spaces that are narrower than annuli. Five
and a half annuli present in a length equal to an adoral
diameter of 20 mm.

Siphuncle supracentral (SPR=0.53) at a diameter of
15 mm, becoming subcentral with ontogeny (SPR=0.48 at
a diameter of 20 mm). Siphuncle segments narrow in
diameter, one-fourth the diameter of the shell at shell
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diameters of 12 mm or less. Segments expanded, globular,
compressed in outline (SCR=1.16) at the same diameter.
Septal necks cyrtochoanitic, short, recurved, with free
brims. Endosiphuncular deposits consisting of ventral
parietal deposits that fuse to form a continuous ventral
lining adapically. Cameral deposits consisting of botryoi-
dal mural-episeptal deposits more extensively developed
on the side of the cameral chamber opposite the
siphuncle.

Stratigraphic and geographic occurrence.—Upper
part of the Rocklandian portion of the Tyrone Limestone,
Inner Blue Grass region of central Kentucky.

Studied material.—Holotype USNM 158653 (pl. 9,
figs. 5-8), paratype USNM 158648 (pl. 9, figs. 9, 10), and
paratype USNM 158643 (pl. 9, fig. 4), all from the USGS
6034-CO collection, Little Hickman section A, Jessamine
County, Ky.

Remarks.—This species is a rare form within the
6034-CO collection from the Tyrone Limestone, being rep-
resented only by the type material. It is, however, distinct
from associated species of Monomuchites in the slender,
gradually expanding, endogastrically curved nature of its
shell and in its low, rounded, poorly delineated oblique
annulations. No other similar species of Monomuchites
are known to this writer from equivalent Blackriveran and
Rocklandian strata elsewhere in North America.

The ventral parietal deposits preserved in paratype
USNM 158648 (pl. 9, fig. 10) are similar to those devel-
oped in the previously discussed proteoceratids Proteo-
ceras Flower and Treptoceras Flower. These consist of
deposits that grow forward, so that the deposit is thickest
just adoral of the septal neck. These deposits fuse to form
a continuous ventral lining adapically. As indicated above,
endosiphuncular deposits are poorly known for most spe-
cies of Monomuchites, making the phylogenetic affinities
of this genus uncertain. This specimen of M. obliguum
supports Flower’s assignment of Monomuchites to the
Proteoceratidae.

FAMILY PSEUDORTHOCERATIDAE FLOWER AND CASTER

Smooth to elaborately ornamented, generally small,
moderately to rapidly expanding orthoconic longicones
and cyrtocones; usually circular in cross section with
straight, transverse sutures. Cameral chambers typically
short, having cameral lengths from one-fourth to one-
sixth the diameter of the shell, decreasing with ontogeny.
Body chambers comparatively short, less than one-fourth
the total length of the shell, constricted just adapical to
aperture.

Siphuncle central to subcentral in position; segments
narrow in diameter, from one-fourth to one-sixth the
diameter of the shell, typically expanded equiaxial globu-
lar or depressed barrel-shaped. Expansion of siphuncle
segments often localized immediately adjacent to septal
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necks. Septal necks cyrtochoanitic, short, recurved, but
not typically recumbent, brims equal in length to septal
necks. Connecting rings thin, homogeneous. Endosiphun-
cular deposits consisting of annuli that are initiated at the
septal foramen and grow forward along connecting ring
walls, eventually fusing to form a continuous lining of uni-
form thickness. Cameral deposits of the mural-episeptal
type, lobate, initiated ventrally and laterally prior to devel-
opment dorsally. Medial mural delta formed in most taxa.
Initial portions of the shell typically bluntly cone-shaped.

Stratigraphic  occurrence.—Middle  Ordovician
(Whiterockian Provincial Series) to Lower Permian
(Leonardian Provincial Series).

Remarks.—This family constitutes the bulk of the
superfamily Pseudorthoceratacea and is the dominant
orthocerid family in the Devonian and later Paleozoic,
ranging through to the end of the Early Permian. Sweet
(1964), listed 42 genera as members of this family. Most of
these taxa, however, are poorly known, based on frag-
mentary material described primarily by Flower (1939).
Additional taxa were described by Zhuravleva (1978).
Dzik (1984) placed many of these taxa in synonymy and
transferred others to other families, recognizing but six
genera. This is certainly a case of over zealous lumping of
taxa but points out the need for extensive restudy and
revision of the family.

Flower (1939) derived the Pseudorthoceratidae from
the Geisonoceratidae through Virgoceras Flower, a Mid-
dle Silurian (Llandoverian-Ludlovian) genus that had the
shell morphology of the Geisonoceratidae but having
endosiphuncular deposits of the pseudorthoceratid type,
consisting of annuli and parietal deposits that formed
independent of cameral deposits. Sweet (1964) retained
Virgoceras in the Geisonoceratidae and indicated that it
exhibited endosiphuncular deposits similar to later Devo-
nian pseudorthoceratids (Spyroceratinae). He also
pointed out the presence of a number of cyrtochoanitic
orthocerids from the early Middle Ordovician, antedating
Virgoceras by 30-40 m.y. These are Mysterioceras
Teichert and Glenister, Stereoplasmoceras Grabau, and a
number of proteoceratids described by Flower (1955b).
This suggested to Sweet a possibly polyphyletic origin for
the Pseudorthoceratidae.

Dzik (1984) has also documented cyrtochoanitic
siphuncle segments and pseudorthoceratid-type endosi-
phuncular deposits in Clinoceras dens Mascke from Mid-
dle Ordovician Llanvirnian (Kunda Stage) strata in the
Baltic region. As indicated by Dzik, this species, with its
rapidly expanding phragmocone and short adorally con-
stricted body chamber, is similar to later pseudorthocer-
atids, in particular, some species of the genus
Dolorthoceras Miller. These examples suggest that the ori-
gin of the Pseudorthoceratidae lies with these Middle
Ordovician taxa rather than with the Geisonoceratidae.
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GENUS ISORTHOCERAS FLOWER

Type species.—Orthoceras sociale Hall, Hall, 1877, p.
245; designated by Flower, 1962, p. 32-33; Elgin Shale,
Maysvillian Stage, Upper Ordovician, Iowa.

Description.—Small, slender, gradually to moder-
ately expanding orthoconic longicones; circular in cross
section with straight, transverse sutures. Cameral cham-
bers short, cameral lengths ranging from one-third to one-
sixth the diameter of the shell, decreasing with ontogeny.
Body chamber between one-fifth and one-sixth the total
length of the shell, constricted just adapical of the aper-
ture. Aperture straight, transverse. Periphract dorsom-
yarian. Surface ornament of subdued, transverse growth
lines or raised transverse, longitudinal, or cancellate lirae.

Siphuncle central to subcentral in position having
segments moving to a more ventral position with ontog-
eny. Segments narrow, from one-fifth to one-tenth the
diameter of the shell; only slightly expanded within cam-
erae, forming barrel-shaped segments, of which the maxi-
mum diameter is just adapical to septal necks. Septal
necks cyrtochoanitic, recurved with short, free brims.
Endosiphuncular deposits initiated as adorally growing
annuli at septal necks, restricted to adapical portions of
phragmocones. Adoralmost cameral deposits planar
mural-episeptal, initiated ventrolaterally prior to their
development dorsally.

Stratigraphic and geographic occurrence.—Middle
Ordovician (Kirkfieldian Stage) to Upper Ordovician
(Riclimondian Stage), Eastern and Central North America
(Laurentia).

Remarks.—Flower (1962) erected this genus for
basically smooth, small, orthoconic longicones distin-
guished by the development of subcentral siphuncles with
barrel-shaped segments, cyrtochoanitic septal necks, and
endosiphuncular deposits consisting of thin parietal
deposits that are greatly concentrated adapically. Besides
the type species, I. sociale (Hall) (pl. 10, fig. 15) from the
Upper Ordovician Maquoketa Formation of Iowa, Flower
also placed in the genus a number of species from the
“Cynthiana Limestone” in Kentucky and the middle and
upper portions of the Trenton Group in New York. These
latter species consist of a group of small, slender, finely
ornamented longicones that are the most abundant nauti-
loids encountered in late Middle Ordovician (Sherma-
nian) carbonates and dark-shale facies in Eastern North
America. These species are Isorthoceras albersi (Miller
and Faber) from the Middle Ordovician Point Pleasant
Tongue of the Clays Ferry Formation in northern Ken-
tucky (pl. 10, figs. 1-9); “Geisonoceras” lineolatus (Hall),
“G.” strigatum (Hall) (pl. 10, fig. 16), “G.” strangulatum
(Hall) (pl. 10, figs. 13, 14), “G.” tenutstriatum (Hall), and
“Q." tenuitextum (Hall), all from the Middle Ordovician
Denley and Dolgeville Limestones in New York. An addi-
tional species, Protokionoceras oneidaense (Walcott)
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from the Upper Ordovician Utica Shale in New York, also
belongs in Isorthoceras.

Previously, these finely ornamented species have
been placed in either Geisonoceras Hyatt or Protokionoc-
eras Grabau and Shimer (Ruedemann, 1926; Titus and
Cameron, 1976). These small, slender, Middle Ordovician
species are definitely not assignable to either of these two
genera. As indicated above, Geisonoceras, based on
Orthoceras rivale Barrande from the Silurian of Eastern
Europe, and Protokionoceras, based on Orthoceras med-
ullare Hall from equivalent Silurian carbonates in the Mid-
western United States, both have large, robust, gradually
expanding shells with deeper cameral chambers, larger
diameter, slightly expanded dorsal siphuncle segments
with longer, less recurved septal necks, and annul osipho-
nate deposits that are continuous and contain massive
botryoidal episeptal and hyposeptal cameral deposits.
These small, slender Ordovician species are similar to I.
sociale (Hall) in gross shell morphology and in details of
their internal structure, especially siphuncle segment
shape, septal necks, and the nature of endosiphuncular
and cameral deposits. The only distinction between these
taxa is in the nature of the external shell ornament. Isor-
thoceras sociale has a basically smooth shell marked by
fine, transverse growth lines (pl. 10, fig. 15). These Middle
Ordovician species have shells marked by fine, raised,
longitudinal, transverse, or cancellate lirae. Flower (1962)
indicated that these more ornate species may eventually
provide the basis for a separate, allied genus. It is debat-
able as to whether or not details of shell surface ornament
constitutes a significant criterion for differentiating
genus-level nautiloid taxa. For the purposes of this paper,
these more ornate taxa are retained in Isorthoceras.

ISORTHOCERAS ALBERST (MILLER AND FABER), 1894B
Plate 10, figures 1-9

Orthoceras albersi Miller and Faber, 1894B, p. 140, pl. 8§,
figs. 1-40.

Diagnosis..—Moderately expanding species of Isor-
thoceras distinguished by an external ornament of fine,
raised, longitudinal lirae.

Description.—Small (less than 25 cm in length and
shell diameters up to 2.0 cm), moderately expanding (api-
cal angle 7-8 degrees), orthoconic longicones; circular in
section with straight, transverse sutures. Cameral lengths
ranging from one-fourth to one-sixth the diameter of the
shell, decreasing with ontogeny. Body chamber poorly
known. Shell exterior marked by distinct, fine, raised, lon-
gitudinal lirae.

Siphuncle central in position (SPR=0.50) at shell
diameters less than 5 mm, becoming more ventral with
ontogeny having segments subcentral in position
(SPR=0.33) at shell diameters of 2.0 cm. Segments elon-
gate ovate, not quite twice as long as high, SCR values
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averaging between 0.75 and 0.80 (depressed). Segments
narrow, one-fifth to one-eighth the diameter of the shell,
decreasing in diameter relative to shell diameter with
ontogeny. Septal necks cyrtochoanitic, recurved with
short, free brims. Endosiphuncular deposits unknown.
Adoralmost cameral deposits consisting of ventrolateral
mural-episeptal deposits, the deposits completely filling
cameral chambers in adapical portions of the phragmo-
cone less than 10 mm in diameter.

Stratigraphic and geographic occurrence.—Logana
Member of the Lexington Limestone (Middle Ordovician,
Kirkfieldian Stage), Woodford County, Ky; Grier Lime-
stone Member of the Lexington Limestone (Middle Ordov-
ician, Kirkfieldian and Shermanian Stages), Clark and
Jessamine Counties, Ky.; Shermanian part of the Millers-
burg Member of the Lexington Limestone, Bourbon
County, Ky.; and the Shermanian portion of the Point
Pleasant Tongue of the Clays Ferry Formation, Kenton
County, Ky.

Studied material.—Syntypes UC 360 (pl. 10, fig. 1)
and UC 361 (pl. 10, figs. 2, 3), “lower part of the Hudson
River Group at Ludlow, Kentucky”; MU 447T (pl. 10, fig.
4), “Point Pleasant Beds” at Cincinnati, Ohio; USNM
468695 (pl. 10, fig. 7) and 468696 (pl. 10, fig. 8), USGS
5067-CO collection, Grier Limestone Member; USNM
468697 (pl. 10, fig. 5) and 468698 (pl. 10, fig. 9), USGS
5092-CO collection, Logana Member; and USNM 468702
(pl. 10, fig. 6), USGS 5096-CO collection, Grier Limestone
Member; plus suites of silicified material: USNM 468699
from USGS 5067-CO collection, Grier Limestone Member;
USNM 468700 from USGS 5073-CO collection, Grier Lime-
stone Member; USNM 468701 from USGS 5092-CO collec-
tion, Logana Member; USNM 468702 from USGS 5096-CO
collection, Grier Limestone Member; USNM 468703 from
USGS 6419-CO collection, Logana Member; and USNM
468704 from USGS 73563-CO collection, Millersburg
Member.

Specimen UC 360 (pl. 10, fig. 1) is here designated the
lectotype of Orthoceras albersi Miller and Faber (1894B).
Specimen UC 361 (pl. 10, figs. 2, 3) is here designated a
paralectotype of O. albersi Miller and Faber.

Remarks.—This small, longitudinally marked longi-
conic nautiloid is the most abundant nautiloid species in
the various members of the Lexington Limestone in cen-
tral and northern Kentucky. Specimens of I. albersi con-
stitute 90 percent of the etched nautiloid specimens
recovered from the USGS 5067-CO collection in the Grier
Limestone Member (101 out of 114 specimens). The spe-
cies appears to be most abundant in the deeper water,
less agitated facies of the Logana Member and Grier Lime-
stone Member within the Lexington Limestone. In these
facies, I. albersi occurs in association with lesser num-
bers of the nautiloids Gorbyoceras cf. G. tetreauense (pl.
12, fig. 3), Polygrammoceras sp. A (pl. 12, figs. 1, 2), and
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Allumetioceras cf. A. tenerum (pl. 20, figs. 19-22), along
with other mollusks and small, twiglike bryozoans. Isor-
thoceras albersi is equally abundant in the dark-gray,
mud-rich limestones of the Point Pleasant Tongue of the
Clays Ferry Formation in northern Kentucky. In these
limestones the species occurs in association with rare
specimens of the large longiconic nautiloid Ordogeisono-
ceras amplicameratum (Hall) (pl. 3, figs. 1-5) and Troch-
olites faberi Foerste, other mollusks, and the trilobites
Flexicalymene and Isotelus.

Isorthoceras albersi is similar to Orthoceras striga-
tum Hall from the Middle Ordovician (Shermanian) Den-
ley Limestone and equivalents in north-central New York.
A comparison of these Kentucky specimens with Hall’s
type specimens (AMNH 29691 and 29692) indicates that
these specimens are similar in general shell morphology
and in possessing an external ornament of fine, raised,
longitudinal lirae (compare pl. 10, figs. 5-9 with pl. 10, fig.
16). The internal features of Hall’s species are not known,
as his material consists of matrix-filled composite molds.
Ruedemann (1926, pl. 10, fig. 13) figured a sectioned spec-
imen of a closely related species, “Geisonoceras” tenuist-
riatum (Hall). This specimen reveals narrow, slightly
expanded siphuncle segments similar to those present in
I albersi. The type specimens of I. strigatum differ from
the Kentucky specimens of I. albersi only in their more
slender, gradually expanding shells with an apical angle of
6 degrees versus apical angles of 7 or 8 degrees for I
albersi. Pending study of New York material preserving
the features of the siphuncle segments, the Kentucky
specimens will remain in I. albersi, although it may even-
tually be determined that this species is a synonym of I.
strigatum (Hall), Hall's name having priority. A compari-
son of the morphological features of I. albersi, I. rog-
ersensis, and several of the species described by Hall
(1847) is presented in figure 18.

ISORTHOCERAS ROGERSENSIS (FOERSTE), 1914A
Plate 10, figures 10-12

Orthoceras rogersensis Foerste, 1914a, p. 143-144, pl. 1,
figs. 17a-b.
Treptoceras praenuntium Flower, 1942, p. 19, pl. 1, fig. 2.

Diagnosis.—Slender, gradually expanding species of
Isorthoceras distinguished by an external ornament of
fine, raised, cancellate lirae.

Description.—~Small (lengths of 25 cm having shell
diameters up to 2.4 cm), slender, gradually expanding
(apical angle 6.5 degrees) orthoconic longicones; circular
in section with straight, transverse sutures. Camerae
short, cameral lengths averaging between one-fifth and
one-sixth the diameter of the shell, initially decreasing
with ontogeny, then increasing in length at shell diameters
in excess of 20 mm. Body chamber unknown. External
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Ficure 18.—Bivariate plot of cameral length versus shell
diameter for selected species of Isorthoceras from Middle
and Upper Ordovician strata in Eastern North America.
Species are I albersi from USGS collections in the
Lexington Limestone (Shermanian) in Kentucky (open
circles); I. strigatum, syntype AMNH 29692 from the
Trenton Limestone (Shermanian), New York (solid
circles); I. rogersensis, syntype USNM 87193A from the
Clays Ferry Formation in Kentucky (squares); and I
sociale, MU 14566 from the Maquoketa Formation
(Maysvillian), Iowa (triangles).

ornament of fine, raised, longitudinal and transverse lirae,
equally developed, forming a fine cancellate pattern.

Siphuncle central to subcentral (SPR=0.50-0.46) at
shell diameters less than 15 mm. Siphuncle segments bar-
rel-shaped, depressed (SCR=0.73-0.85), narrow, one-fifth
the diameter of the shell. Septal necks cyrtochoanitic,
recurved, with short, free brims. Endosiphuncular depos-
its unknown. Mural-episeptal cameral deposits at shell
diameters of 15 mm or less.

Stratigraphic and geographic occurrence.—Basal
portion of the Clays Ferry Formation (uppermost Middle
Ordovician, Shermanian Stage), Harrison and Scott Coun-
ties, Ky.

Studied material.—Syntypes USNM 87193A (pl. 10,
figs. 10, 11) and USNM 87193B (pl. 10, fig. 12), “Cynthiana
Limestone” exposed at railroad cut 1 mi north of Rogers
Gap, 5 mi south of Sadieville, Scott County, Ky.; holotype
of Treptoceras praenuntium Flower (UC 22696), “Cyn-
thiana Limestone,” Poindexter Quarry at Cynthiana, Har-
rison County, Ky.; plus uncataloged slabs containing
specimens from the “Cynthiana Limestone” at Rogers
Gap, Ky, in the Shideler collection at Miami University.

Specimen USNM 87193A (pl. 10, figs. 10, 11) is here
designated the lectotype of Orthoceras rogersensis Foer-
ste (1914A). Specimen 87193B (pl. 10, fig. 12) is here des-
ignated a paralectotype of O. rogersensis Foerste.

Remarks.—Isorthoceras rogersensis is a locally
common species in the argillaceous, thin limestone beds
within the basal Clays Ferry Formation in north-central
Kentucky. In these strata, I. rogersensis occurs as calcite-
replaced or matrix-filled internal molds associated with
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gastropods, pelecypods, crinoids, inarticulate brachio-
pods, and the trilobites Flexicalymene and Isotelus. Isor-
thoceras rogersensis differs from the preceding species,
I albersi (Miller and Faber), in being a slightly larger and
more gradually expanding shell, but is primarily distin-
guished by its cancellate external ornament compared
with the distinctive longitudinal ornament of the latter
species.

Flower (1942) described Treptoceras praenuntium
from the “Cynthiana Limestone” exposed at Cynthiana,
Ky. As indicated above, this species is not assignable to
Treptoceras, as it has narrow, barrel-shaped siphuncle
segments. This species is similar to I. rogersensis in its
gradual rate of expansion (apical angle 6.5 degrees), short
cameral chambers one-sixth the diameter of the shell,
barrel-shaped, depressed siphuncle segments, and occur-
rence at the top of the Lexington Limestone in north-cen-
tral Kentucky. These similarities indicate assignment of
“Treptoceras” praenuntium to I rogersensis. Specimens
of the former species preserving the external shell orna-
ment are necessary to further confirm the affinities of
these taxa. Unfortunately, “T." praenuntium is known
only from the holotype, and the bed that was the source
of this specimen has been quarried away.

Isorthoceras rogersensis is also similar to a species
described by Hall (1847) as “Endoceras proteiforme vari-
ety tenuitextum,” from the Middle Ordovician Trenton
uroup exposed at Middleville, N.Y. Comparisons of Hall's
types (AMNH 29717 and 29718) with the types of I. rog-
ersensis indicate a similar general shell morphology (api-
cal angle 6-7 degrees) and an external ornament of fine
cancellate lirae. Unfortunately, the internal features of
Hall's species are unknown. Pending discovery of speci-
mens of I. tenuitextum preserving critical features of the
siphuncle segments, these species are retained as sepa-
rate species. As was the case with the previous species, if
these Kentucky and New York specimens prove to be the
same, Hall's species name would have priority.

A third species referable to Isorthoceras is known
from uncommon fragmentary specimens from the Trepto-
ceras duseri shale unit within the “Waynesville biofacies”
in the Bull Fork Formation (Upper Ordovician, Richmon-
dian) in southwest Ohio (Frey, 1988). This is a small (less
than 20 cm in length), slender (apical angle 5.5-6.5
degrees) orthoconic longicone with very short cameral
chambers (cameral lengths averaging one-seventh the
diameter of the shell) and narrow, barrel-shaped subcen-
tral siphuncle segments. Endosiphuncular deposits con-
sist of thin parietal deposits. Cameral deposits are mural-
episeptal. Although the external ornament of this Rich-
mondian species is unknown, the short camerae typical of
this species distinguish it from both I. albersi and I. rog-
ersensis. More complete material is needed to more fully
describe this Richmondian species.
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GENUS GORBYOCERAS SHIMIZU AND OBATA

Type species—Orthoceras gorbyi Miller, 1894, p.
322; designated by Shimizu and Obata, 1935, p. 4; Saluda
Formation, Richmondian Stage, Upper Ordovician,
Indiana.

Description.—Slender, small to medium-sized, grad-
ually to moderately expanding orthoconic longicones that
adapically may be curved endogastrically. Shells typically
circular in cross section, laterally compressed in early
growth stages of some species. Sutures straight, trans-
verse to slightly oblique, sloping from the dorsum to the
venter in the adapical direction. Cameral chambers short,
cameral lengths from one-fourth to one-ninth the diame-
ter of the shell, decreasing with ontogeny. Body chamber
long and slender, contracting toward the aperature in
some species. Aperture simple, transverse. Periphract
dorsomyarian. Shell exterior marked by prominent trans-
verse, rounded annuli, oblique in some species; as well as
fine, raised transverse and longitudinal lirae.

Siphuncle subcentral with expanded segments that
vary in shape, ranging from depressed barrel-shaped to
equiaxial globular in outline. Segments narrow, one-fourth
to one-sixth the diameter of the shell. Septal necks cyrto-
choanitic, recurved, but with free brims. Endosiphuncular
deposits known for a few species, consisting of thin pari-
etal deposits restricted to adapical portions of large indi-
viduals. Mural-episeptal cameral deposits adapically.

Stratigraphic and geographic occurrence—Middle
Ordovician (Rocklandian Stage) to Upper Ordovician
(Richmondian Stage), North America (Laurentia).

Remarks.—This genus is one of several poorly
defined annulated longiconic taxa proposed by Shimizu
and Obata (1935). Their description of Gorbyoceras was
brief: “(shell) possessing peculiar annulations and distant
longitudinal striae; the annulations sloping sharply down-
ward and weakening towards the venter.” In the same
paper, they also described Hammelloceras (type species
Spyroceras hammelli (Foerste)) as “Externally...some-
what similar to Kionoceras except that it has prominent
annulations and an ormoceratid siphuncle”; as well
as Porteroceras (type species Spyroceras porteri
(Schuchert)), distinguished as being “related to Hammel-
loceras, differing from it in possessing more prominent
ornamentation and a sactocerid siphuncle.” Gorbyoceras,
Hammelloceras, and Porteroceras are all annulated longi-
cones with longitudinal lirae, cyrtochoanitic septal necks,
and expanded siphuncle segments. All three are from
Upper Ordovician strata in North America. Flower (1946)
and Sweet (1964) both placed these taxa in synonymy,
with Gorbyoceras having priority.

Flower (1946) described seven species of Gorbyo-
ceras from Upper Ordovician (Richmondian) strata in
Indiana and Ohio and placed in the genus a number of
Ordovician species previously referred to as Spyroceras
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Hyatt, a Devonian genus based on Orthoceras crotalum
Hall. These are “Spyroceras” ferum (Billings) and “S.”
microlineatum Foerste from the Richmondian of Anti-
costi Island, Quebec; “S.” parksi Foerste from the Rich-
mondian Georgian Bay Formation in southern Ontario;
plus “S.” calvini Foerste and “S.” perroti (Clarke), both
from the Maquoketa Formation of Iowa. Other Upper
Ordovician species assignable to Gorbyoceras are “S.”
geronticum (Foerste and Savage) and G. giganteum Nel-
son from the Shamattawa and Chasm Creek Limestones
exposed in the Hudson Bay region of Manitoba. Also
placed in Gorbyoceras are a number of similar forms from
older Middle Ordovician strata: G. letreauense Wilson
from the “Leray-Rockland beds” (Rocklandian) in the
Ottawa region of Canada and G. iowaense (Foerste) from
the Decorah Shale (Rocklandian) in Iowa.

The familial affinities of Gorbyoceras are currently
uncertain. Flower (1962) and Sweet (1964) placed this
genus in the Proteoceratidae on the basis of its cyrtochoa-
nitic septal necks and occurrence in Ordovician strata.
The features of the siphuncle segments and the presence
and types of endosiphuncular deposits developed in spe-
cies assigned to Gorbyoceras remain largely unknown. No
species known to this writer have been documented to
show the siphuncle segment decompression characteris-
tic of the Proteoceratidae. Flower (1946) has illustrated
siphuncle segments for G. crossi Flower, G. curvatum
Flower, G. duncanae Flower, and G. hammelli (Foerste),
all from the Cincinnatian Provincial Series in the Cincin-
nati arch region. Gorbyoceras crossi and adoral portions
of a specimen he referred to as G. hammelli both have
expanded, globular, equiaxial segments and ventral pari-
etal deposits that appear to be similar to those developed
in the proteoceratid Treptoceras (Flower, 1946, pl. 1, figs.
2, 1. Gorbyoceras curvatum (Flower, 1946, pl. 5, fig. 3),
G. duncanae (Flower, 1946, pl. 1, fig. 1), and adapical por-
tions of G. hammelli illustrated here (pl. 12, fig. 7) exhibit
less broadly expanded, barrel-shaped segments similar to
those of the pseudorthoceratid Isorthoceras. The parietal
deposits evident in the figured specimen of G. hammelli
also are similar to those documented for various mem-
bers of the Pseudorthoceratidae. All of the species of Gor-
byoceras studied here possess septal necks that are
cyrtochoanitic with recurved, short, free brims, similar to
those typical of pseudoceratid genera. As ontogenetic
decompression has not been demonstrated for any spe-
cies of Gorbyoceras known to this writer, herein this
genus is removed from the Proteoceratidae and placed
with some uncertainty in the Pseudorthoceratidae. Fur-
ther study may indicate that Gorbyoceras as presently
known contains two distinct genera, one with expanded,
globular siphuncle segments that may belong in the Pro-
teoceratidae, and another with depressed, barrel-shaped
segments that belongs in the Pseudorthoceratidae. Study
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of more complete, better preserved material is needed to
more accurately determine the affinities of the species
currently assigned to this genus.

GORBYOCERAS GORBYI (MILLER), 1894
Plate 12, figures 12, 13

Orthoceras gorbyi Miller, 1894, p. 322, pl. 10, fig. 2.

Orthoceras gorbyi Miller. Cumings, 1908, p. 1037, pl. 52,
fig. 3.

Spyroceras gorbyi (Miller). Foerste, 1928a, p. 283, pl. 61,
fig. 4.

Gorbyoceras gorbyi (Miller). Shimizu and Obata, 1935, p.
4,

Gorbyoceras gorbyi (Miller). Flower, 1946, p. 145, pl. 2,
figs. 9, 10; pl. 4, figs. 3, 6, 7.

Diagnosis.—Large, slender, gradually expanding,
endogastrically curved species of Gorbyoceras distin-
guished by low, rounded, oblique annuli that slope from
the dorsum to the venter in an adoral direction, opposite
the slope of the sutures.

Description.—Long (lengths up to 71.5 cm and shell
diameters up to 3.2 cm), slender, gradually expanding
(apical angle 4 degrees) orthoconic longicones, curved
endogastrically such that the venter is gently convex and
the dorsum is concave. Shell initially circular in cross sec-
tion, becoming slightly depressed with ontogeny, then
becoming more circular again at diameters in excess of 25
mm. Sutures sloping from the dorsum to the venter in the
adapical direction, becoming more transverse with ontog-
eny. Cameral chambers short, cameral lengths decreasing
with ontogeny, from one-fourth the diameter of the shell
at a diameter of 20 mm to one-seventh the diameter of the
shell at diameters greater than 25 mm. Body chamber
long and tubular, contracting slightly toward the aperture,
making up at least one-fourth the total length of the shell.
Aperture poorly known; periphract dorsomyarian. Shell
exterior marked by low, rounded, oblique annuli that
slope opposite the direction of the sutures, extending
from the dorsum to the venter, directed adorally. Annuli
spaced 4-5 mm apart at diameters in excess of 20 mm.
Shell marked with alternating sets of coarser and finer
longitudinal lirae and transverse growth lines that parallel
the trend of the annuli.

Siphuncle subcentral in position, moving to a more
ventral position with ontogeny; having SPR values of 0.40
at a diameter of 20 mm and SPR values of 0.28 at a diame-
ter of 32 mm. Siphuncle segments poorly known,
expanded, globular, equiaxial in known portions of the
shell 25 mm in diameter. Septal necks cyrtochoanitic,
short with recurved free brims. Endosiphuncular deposits
unknown. Cameral deposits mural-episeptal, developed
adapically at shell diameters of 25 mm or less.

Stratigraphic and geographic occurrence.—Saluda
Formation (Upper Ordovician, Richmondian Stage),
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southeastern Indiana and adjacent portions of southwest-
ern Ohio.

Studied material.—Hypotype (MU 397T) figured by
Flower (1946, pl. 2, figs. 9, 10), Shideler Collection, Miaini
University, basal Whitewater Formation, Four-Mile Creek,
Preble County, Ohio; MU 402T (pl. 12, figs. 12, 13); and
MU 16050, Bliss Collection, Miamni University, “Concrete
Layer” in the Saluda Formation, Sayers Farm locality, 2 mi
northwest of Hamburg, Franklin County, Ind. Also studied
was the holotype of Orthoceras gorbyi Miller (USNM
64337), which Miller (1894, pl. 10, fig. 2) listed as coming
from the “Hudson River Group, Franklin County, Indiana.”

Remarks.—Gorbyoceras gorbyi is distinguished
from associated species of Gorbyoceras by its long, slen-
der, endogastrically curved shell marked by low, rounded,
oblique annuli that are oriented opposite to the obliquely
curved sutures. The internal features of the species are
poorly known due to the poor preservation of these fea-
tures in nautiloids occurring in massive-bedded, micritic
limestone lithologies in the Saluda Formation. Flower
(1946) described the siphuncle segments of G. gorbyi as
globular, similar to those of the genus Treptoceras, with
short cyrtochoanitic septal necks. He also indicated that
the external annuli in this species were surpressed on the
venter of large specimens. This feature is not evident in
the material studied here, the annuli being developed uni-
formly dorsally and ventrally.

The associated G. crossi Flower is similar to G. gor-
byt in possessing a long, slender shell, circular in section,
and low, slightly oblique annuli. The annuli in G. gorbyi
are more strongly developed and more strongly inclined
than in G. crossi. Transverse, raised lirae are present in G.
gorbyi and absent in G. crossi. The camerae in G. gorbyi
are described by Flower (1946) as being shorter than
those present in G. crossi. The material studied here indi-
cates no significant difference in cameral lengths at com-
parable diameters, at least in adapical portions of
phragmocones. The described differences between these
species may be the result of differences in preservation
rather than a representation of actual morphological
differences.

Within the Kentucky-Indiana-Ohio area, G. gorbyi is
restricted to massive-bedded, fine-grained limestone
facies that occur above the lower Tetradium biostrome
within the Saluda Formation. In this facies the species is
associated with a diverse nautiloid assemblage of G.
crossi Flower, a large species of Cameroceras, the brevi-
conic ellesmerocerid Cyrtocerina, the oncocerids
Beloitoceras bucheri Flower (pl. 22, figs. 4, 5), Diesto-
ceras indianense (Miller and Faber) (pl. 22, figs. 6-9),
and D. shideleri Foerste (pl. 21, figs. 1, 2, 5; pl. 22, figs. 1,
3), several species of slender oncocerid Manitoulinoc-
eras, and the ascocerid Schuchertoceras prolongatum
(Foerste). All of these species are preserved as nearly
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complete, uncrushed composite molds, often preserving
the fine external ornamnent of the shell (pl. 22, figs. 4, 5, 8).
This extensive nautiloid fauna was described in part by
Flower (1946) and represents the peak development of
the “Arctic” nautiloid fauna in the northern Cincinnati
arch region.

GORBYOCERAS HAMMELLI (FOERSTE), 1910
Plate 12, figures 4, 6, 7, 10, 11

Orthoceras hammelli Foerste, 1910, p. 74, pl. 1, fig. 4.

Spyroceras hammelli (Foerste). Foerste, 1924b, p. 222, pl.
39, fig. 1; pl. 40, fig. 1.

Hammelloceras hammelli (Foerste). Shimizu and Obata,

1935, p. 6.

Gorbyoceras hammelli (Foerste). Flower, 1946, p. 151, pl.

1, figs. 2, 3, 9; pl. 2, fig. 5; pl. 3, figs. 1, 4; pl. 4, figs. 1, 2,

5; pl. b, figs. 4, 9.

Diagnosis.—Small, straight, slender species of Gor-
byoceras distinguished by oblique annuli that slope from
dorsum to venter adorally, the annuli becoming less dis-
tinct and spaced further apart with ontogeny.

Description.-—Small (lengths up to 30 cm and
observed shell diamneters up to 2.4 cm), slender (apical
angle 5-6 degrees), orthoconic longicones; circular in sec-
tion with straight, transverse sutures. Cameral length
ranging from one-third to one-fifth the diameter of the
shell, decreasing with ontogeny. Body chamber incom-
pletely known; aperture unknown. Shell exterior marked
by oblique, rounded annuli that slope from the dorsum to
the venter in the adoral direction. Annuli prominent,
spaced 2 mm apart in adapical portions of the shell less
than 15 mm in diameter; becoming less distinct, low, and
rounded, spaced 4-5 mm apart in adoral portions of the
shell greater than 17 mm in diameter. Shell marked by dis-
tinct alternating sets of coarse and fine longitudinal lirae
and intersecting, raised, transverse growth lines that par-
allel the trend of the annuli.

Siphuncle subcentral in position most of the length of
the phragmocone, becoming more ventral in position with
ontogeny, the SPR values ranging from 0.38 (subcentral)
at a diameter of 9 mm to 0.24 (ventral) at a diameter of
17 mam. Siphuncle segments expanded, roughly barrel-
shaped in portions of the shell 9 mm or less in diameter,
becoming more compressed, globular (SCR=1.0, equiax-
ial) at diameters of 15 mm or greater. Segments unknown
from more adoral portions of the shell greater than 17 mm
in diameter. Septal necks cyrtochoanitic, short, recurved,
with free brims. Endosiphuncular deposits consisting of
uniformly developed, thin parietal deposits that fuse to
form a continuous lining with ontogeny; restricted in
development to adapical portions of the shell less than 15
mm in diaineter. Mural-episeptal cameral deposits well-
developed in adapical portions of shells less than or equal
to 15 mm in diameter.
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Stratigraphic and geographic occurrence.—Saluda
Formation and its Hitz Limestone Member (Late Ordovi-
cian, Riclimondian Stage), Franklin, Ripley, and Jefferson
Counties, Ind., and adjacent portions of Bedford, Trimble,
Oldham, and Jefferson Counties in northern Kentucky.

Studied material.—Hypotypes figured by Flower
(1946), are UC 24165 from the Saluda Formation at
Canaan, Ind., and 24166 from the Hitz Bed at Madison,
Ind.; plus MU 408T from the top of the Saluda Formation
at Versailles, Ripley County, Ind. (pl. 12, figs. 4, 7). Addi-
tional material consists of MU 409T (pl. 12, figs. 10, 11)
and MU 446T (pl. 12, fig. 6), plus numerous small fragmen-
tary specimens, all from the “Hitz Bed” exposed along the
1471 roadcut, just north of Madison, Jefferson County,
Ind. Also studied was the holotype of Orthoceras ham-
melli Foerste (USNM 87190), which Foerste (1910, pl. 1,
fig. 4) listed as coming from “Top of Saluda Bed, Saluda
Creek, Jefferson County, Indiana.”

Remarks.—This species, originally described by Foe-
rste (1910), served as the type species for Hammelloceras
Shimizu and Obata (1935). Flower (1946) has indicated
that, as defined by these authors, there are no valid dis-
tinctions between the genera Gorbyoceras, Hammello-
ceras, and Porteroceras. As such, “Orthoceras™ hammelli
is retained in Gorbyoceras pending further study of these
annulated longicones. Gorbyoceras hammelli is similar to
the preceding species, G. gorbyi (Miller), in the develop-
ment of a slender, longiconic shell and an external orna-
ment of oblique, raised annuli and longitudinal and
transverse lirae. Both species possess subcentral siphun-
cles and mural-episeptal cameral deposits. Gorbyoceras
hammelli is distinct from G. gorbyi in being a smaller
form with a more rapidly expanding, straight rather than
gently curved longiconic shell; in possessing oblique
annuli that are less steeply inclined than those of the type
species; and in the weaker development of these annuli
with ontogeny, a feature not evident in G. gorbyi, in which
the annuli remain prominent the entire length of the shell.

In the “Hitz Bed,” G. hammelli occurs as well pre-
served if often fragmentary specimens in which the exter-
nal shell, septa, and siphuncle segments are replaced with
sparry calcite. This coarse spar replacement often
obscures the details of the internal features of the shell.
Gorbyoceras hammelli occurs in the “Hitz Bed” in associ-
ation with a diverse assemblage of nautiloids: G. crossi
Flower, the actinocerid Ormoceras hitzi Foerste, the
breviconic ellesmerocerid Cyrtocerina madisonensis
(Miller), and a number of small oncocerids currently
described as species of Oncoceras and Diestoceras. These
nautiloids occur in association with the sponges Derma-
tostroma and Stromatocerium, a small solitary rugosan
coral, rare articulate brachiopods, and a diverse fauna of
well-preserved gastropods, pelecypods, and ostracodes.
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GORBYOCERAS CF. G. TETREAUENSE WILSON, 1961
Plate 12, figure 3

Gorbyoceras tetreauense Wilson, 1961, p. 38, pl. 10, figs.
2-5.

Diagnosis—Small, slender, rather rapidly expand-
ing, laterally compressed, and endogastrically curved spe-
cies of Gorbyoceras marked by oblique, low, rounded
annuli that become less distinct with ontogeny.

Description.—Small (lengths up to 16 cm and shell
diameters up to 2.0 cm), slender, moderately expanding
(apical angle 8-8.5 degrees), endogastrically curved longi-
cones with sutures initially straight, transverse; becoming
slightly oblique with ontogeny, inclined from the dorsum
to the venter in the adapical direction. Cameral lengths
ranging from one-fourth to one-fifth the diameter of the
shell, decreasing with ontogeny. Body chamber incom-
pletely known. Shell marked by raised annuli that are
transverse initially, becoming slightly oblique with ontog-
eny, inclined from the dorsum to the venter in the adoral
direction, opposite the trend of the sutures. Annuli spaced
2 mm apart at a diameter of 7 mm, and 3 mm apart at a
diameter of 15 mm. Exterior marked by alternating sets of
coarse and fine longitudinal lirae.

Siphuncle central (SPR=0.50) at a shell diameter of 8
mm, becoming subcentral with ontogeny (SPR=0.375 at a
diameter of 12 mm). Siphuncle segment shape and maxi-
mum diameter unknown. Endosiphuncular and cameral
deposits unknown.

Stratigraphic and geographic occurrence.—Logana
Member of the Lexington Limestone (Middle Ordovician,
Kirkfieldian Stage), Woodford and Franklin Counties, Ky.

Studied material..—USNM 468708 (pl. 12, fig. 3) from
USGS 5092-CO collection, lower part of the Logana Mem-
ber, Tyrone quadrangle, Woodford County, Ky.; USNM
468707 from USGS 5073-CO collection, upper part of the
Logana Member, Frankfort East quadrangle, Franklin
County, Ky.; and USNM 468709 from USGS 7791-CO col-
lection, lower part of the Logana Member, Salvisa quad-
rangle, Woodford County, Ky.

Remarks.—Fragmentary silicified specimens of Gor-
byoceras from the Logana Member of the Lexington Lime-
stone exposed in central Kentucky, west and south of
Lexington, appear to be assignable to G. tetreauense
described by Wilson (1961) from the “Leray beds” (Middle
Ordovician, Rocklandian) of the Ottawa region of Que-
bec. This is indicated by the small, rather rapidly expand-
ing, gently endogastrically curved longiconic shells
represented in USGS collections. These specimens have
an external ornament consisting of nearly transverse,
raised annuli that are spaced increasingly further apart
with ontogeny, prominent longitudinal lirae, and much
weaker transverse lirae. The Kentucky specimens are lat-
erally compressed ovate in cross section at diameters of
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8 mm or less, becoming more circular in cross section
with ontogeny. Wilson (1961) did not describe or illustrate
a cross-sectional profile of her Canadian type material.
The Kentucky specimens also exhibit annuli that become
less strongly developed with ontogeny, similar to the
younger Cincinnatian species G. hammelli (Foerste).
This feature is not evident in Wilson’s figured specimens.
Wilson’s type material (GSC 1274-75, 1961, pl. 10, figs. 2
5) indicates expanded globular segments at shell diame-
ters of 8-12 mm. The nature of the siphuncle segments in
the Kentucky material remains unknown, although these
specimens indicate that the siphuncle is central in posi-
tion at shell diameters of 10 mm or less. Pending better
documentation of their internal features, these Kentucky
specimens are only tentatively assigned to G. tetreauense.

Foerste (1910) described Orthoceras (Spyroceras)
bilineatum-frankfortense from the Curdsville Limestone
Member of the Lexington Limestone exposed at the Old
Crow Distillery, southeast of Frankfort, Ky. (USGS locality
5092-CO). This species was represented by a single com-
posite mold preserving a portion of the shell 35 mm in
length having a maximum diameter of 15 mm. Foerste's
figured specimen appears to be distinct from the speci-
mens from the overlying Logana Member in the more
closely spaced transverse annuli and more gradual rate of
shell expansion evident in this specimen. More complete
specimens of the Curdsville species are needed to more
accurately compare these Kentucky species.

In the shales and thin limestone of the Logana Mem-
ber, G. cf. G. tetreauense is an uncommon species in com-
parison with the abundant specimens of the associated
orthocerid Isorthoceras albersi (Miller and Faber). In the
USGS 5092-CO collection from the lower part of the
Logana Member, G. cf. G. tetreauense makes up slightly
less than 20 percent of the total number of nautiloids
present. In the USGS 7791-CO collection from the same
horizon, the species makes up less than 10 percent of the
identified nautiloid material. In these collections, these
nautiloids occur with the well-preserved fossil fauna of
the monoplacophoran Cyriolites, gastropods, pelecypods,
and the dalmanellid brachiopod Onniella.

ORTHOCERIDA, FAMILY UNCERTAIN
GENUS ANASPYROCERAS SHIMIZU AND OBATA

Type species.—Orthoceras anellus Conrad, 1843, p.
334; designated by Shimizu and Obata, 1935, p. 4; “Beloit
Member, Black River Formation,” Blackriveran Stage,
Middle Ordovician, Wisconsin.

Description.—Small, slender, gradually expanding
orthoconic longicones, circular in cross section with sim-
ple, transverse sutures. Cameral chambers short. Body
chamber unknown. Shell exterior distinctly marked by
prominent, rather sharp, narrow, transverse annuli sepa-
rated by equally deep interannular grooves. One annulus
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per camerae; annuli straight or sloping obliquely from the
dorsum to the venter in the adapical direction. Shell sur-
face marked by fine, raised transverse lirae.

Siphuncle central or subcentral in position, narrow,
having segments tubular or expanding only very slightly
within camerae. Septal necks short, orthochoanitic.
Endosiphuncular and cameral deposits unknown.

Stratigraphic and geographic occurrence.—Middle
Ordovician (Blackriveran Stage) to Upper Ordovician
(Richmondian Stage), North America (Laurentia).

Remarks.—This genus is another of the annulated
longiconic taxa proposed by Shimizu and Obata (1935).
Their description was brief: “This genus is readily distin-
guished from Spyroceras by its more crowded, stronger
annulations.” Flower (1943), reviewing a number of these
annulated genera, emended this description to include
annulated longicones possessing siphuncles that were
essentially tubular with straight, short, orthochoanitic
septal necks. In his study of Cincinnatian cephalopods
(Flower, 1946), he further included in this genus Upper
Ordovician species that, in addition to the prominent
annuli, also possessed alternating prominent and weak
longitudinal lirae that formed nodelike projections on
annular surfaces. Earlier Blackriveran species, including
the type species A. anellus, appear to lack these longitudi-
nal lirae. Much better preserved material, especially spec-
imens preserving the critical features of the siphuncle, is
necessary to resolve the uncertainty surrounding this
genus, its morphology, and its affinities to other described
taxa.

ANASPYROCERAS CF. A. CYLINDRICUM (FOERSTE), 1932
Plate 12, figure 5

Spyroceras cylindricum Foerste, 1932, p. 97, pl. 11, figs.
3,6,7.

“Spyroceras” cylindricum Foerste. Wilson, 1961, p. 35, pl.
9, figs. 1-3.

Diagnosis.—Slender species of Anaspyroceras dis-
tinguished by prominent transverse annuli that slope
obliquely from the dorsum to the venter in the adapical
direction having interannular spaces equal in width to
annuli.

Description—Small (length less than 30 cm and
shell diameters up to 1.0 cm), slender (apical angle 3-3.5
degrees), orthoconic longicones; circular in cross section.
Sutures and cameral lengths unknown. Body chamber
unknown. Exterior marked by prominent raised annuli,
averaging 1 mm in width, separated by interannular
spaces of equal width. Annuli sloping obliquely from dor-
sum to venter in the adapical direction.

Siphuncle central in position. Shape of siphuncle seg-
ments unknown, segments apparently narrow in diame-
ter. Septal necks unknown. Endosiphuncular deposits and
cameral deposits unknown.
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Stratigraphic and geographic occurrence—Curds-
ville Limestone Member of the Lexington Limestone (Mid-
dle Ordovician, Kirkfieldian Stage), Curdsville, Ky.

Studied material—USNM 48290, “E.O. Ulrich Col-
lection,” Curdsville, Ky. (pl. 12, fig. 5). Also studied was
the holotype of Spyroceras cylindricum Foerste (AMNH
807B), which Foerste (1932, pl. 11, figs. 3, 6-7) listed as
coming from “Coarse-grained part of the Trenton Forma-
tion, Watertown, New York.”

Remarks.—The Curdsville Limestone Member speci-
men illustrated here is similar to several slender, annu-
lated, longiconic nautiloid species distinguished by the
oblique nature of the annuli. These species are “Spyro-
ceras” arcuoliratum (Hall), “S.” cylindricum Foerste,
both from the “Trenton Limestone” in New York, and “S.”
allumettense Foerste from the “Leray-Rockland beds” in
the Ottawa, Ontario region. All three species are based on
fragmentary specimens whose internal features are
unknown. Foerste (1932-1933) differentiated “S.” cylin-
dricum from “S.” arcuoliratum on the basis of its less
rapidly expanding shell, noting that, otherwise, these taxa
are closely similar. Foerste distinguished “S.” allu-
mettense from “S.” arcuoliratum by the lesser obliquity
of the annuli in the former species.

The Kentucky specimen is distinct from “S.” allu-
mettense (GSC 6830) in the greater obliquity of the annuli.
The apical angle of USNM 48290 (3 degrees) is less than
that of the “S.” arcuoliratum (apical angle 5 degrees) and
indicates placement in “S.” cylindricum.

All of these species are similar to the type species of
Anaspyroceras, which is Orthoceras anellus Conrad, in
the gradually expanding slender form of the shell and in
the closely spaced, raised, narrow annulations with nar-
row, rounded crests. Assignment of the Curdsville speci-
men to Anaspyroceras is tentative, pending discovery of
additional specimens that illustrate the morphological
features of the siphuncle segments of this taxon.

This form is an uncommon species within the Curds-
ville Limestone Member, known only from the partially
silicified external mold described and illustrated here. It
occurs in a coarsely crystalline, fossiliferous grainstone
associated with echinoderm fragments and an unidenti-
fied rhynchonellid brachiopod.

GENUS POLYGRAMMOCERAS FOERSTE

Type species.—Polygrammoceras twenhofeli Foer-
ste, 1928a, p. 263; by original designation; Ellis Bay For-
mation, Gamachian Stage, Upper Ordovician, Anticosti
Island, Quebec.

Description.—Medium to large, moderate to rapidly
expanding orthoconic longicones; circular in section with
straight, transverse sutures. Cameral chambers short,
cameral lengths ranging from one-fourth to one-seventh
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the diameter of the shell, decreasing with ontogeny. Body
chamber incompletely known, at least one-fifth the total
length of the shell; aperture unknown. Periphract dorsom-
yarian. Shell surface marked by fine to coarse, sharply
delineated, longitudinal striae.

Siphuncle central in position adapically, becoming
more ventral with ontogeny. Segments expanded within
camerae, globular, equiaxial to slightly compressed; nar-
row in diameter, one-fifth the diameter of the shell. Septal
necks cyrtochoanitic, short, recurved, with free brims.
Endosiphuncular deposits unknown. Mural-episeptal
cameral deposits developed adapically.

Stratigraphic and geographic occurrence.—Middle
Ordovician (Shermanian) to Lower Silurian (Wenlockian
Series), North America (Laurentia).

Remarks.—Foerste (1928a) erected this genus for
Ordovician longicones that had an external ornament of
longitudinal striae, ribs, or bars but that lacked fluting. It
became common practice to place here any longitudinally
striated longiconic orthocerid. Troedsson (1932) placed in
Polygrammoceras a large number of species from the
lower Middle Ordovician (Llanvirnian) “Orthoceras Lime-
stone” of the Baltic region. All of these species possessed
longitudinally striated shells, short orthochoanitic septal
necks, and subtubular siphuncle segments. All three spe-
cies of Polygrammoceras described by Foerste (1928a)
from Anticosti Island, including the type species P. twen-
hofeli, possess expanded, beadlike siphuncle segments
and cyrtochoantic septal necks. It is clear that Polygram-
moceras should be restricted to longitudinally striated
shells that possess expanded siphuncle segments similar
to these Anticosti species. Troedsson’s species belong
elsewhere. One of his species, P endoceroides Troedsson,
is the type species for the genus Troedssonella Kobayashi.

The familial affinities of Polygrammoceras remain
uncertain. The general shell morphology and gross form
of the siphuncle segments are similar to those of the
Upper Ordovician proteoceratid Treptoceras Flower.
Unfortunately, neither complete sectioned specimens of
Polygrammoceras nor endosiphuncular deposits are
known. In the absence of evidence of ontogenetic siphun-
cle segment decompression and the presence of proteo-
ceratid endosiphuncular deposits, this genus cannot be
placed with certainty in the Proteoceratidae. Sweet
(1964) placed Polygrammoceras in the subfamily Kionoc-
eratinae within the Orthoceratidae. The features of the
siphuncle segments in the type species of Polygram-
moceras clearly are not those of a member of the Ortho-
ceratidae. As is indicated above, the subfamily
Kionoceratinae is a largely artificial grouping of taxa. Lon-
gitudinal ornament of the type present in Polygram-
moceras evolved a number of times in the Ordovician and
Silurian in a number of different orthocerid lineages.
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POLYGRAMMOCERAS SP. A
Plate 12, figures 1, 2

Diagnosis.—Moderately expanding species of Poly-
grammoceras distinguished by its external ornament of
narrow, longitudinal striae separated by smooth inter-
spaces that are twice as broad as the striae.

Description.—Medium-sized (lengths of 30 cm and
shell diameters up to 3.0 cm), moderately expanding (api-
cal angle 7 degrees) orthoconic longicone; circular in
cross section with straight, transverse sutures. Cameral
lengths ranging from one-fourth to one-seventh the diam-
eter of the shell, decreasing with ontogeny. Shell surface
marked by narrow, longitudinal grooves incised at 1-mm
intervals in specimens 20-30 mm in diameter. The inter-
vening areas smooth, twice as broad as the striae.

Siphuncle central in position (SPR=0.50) at diame-
ters less than 10 mm, becoming subcentral with ontogeny
(SPR=0.428 at diameters of 15 mm). Siphuncle segments
expanded, globose, changing with ontogeny from equiax-
ial (SCR=1.00) at shell diameters less than 10 mm, to
slightly compressed (SCR=1.20) at diameters of 15 mm, to
equiaxial in adoral portions of the shell at diameters in
excess of 256 mm. Septal necks cyrtochoanitic, recurved,
with free brims in tangential sections. Endosiphuncular
deposits unknown. Cameral deposits consisting of
mural-episeptal deposits that are lobate, botryoidal ven-
trally with a medial ventral mural delta. Deposits well-
developed in adapical portions of shell less than 15 mm in
diameter.

Stratigraphic and geographic occurrence.—Grier
Limestone Member and Strodes Creek Member of the
Lexington Limestone (Shermanian-Edenian), Clark
County, Ky.

Studied material.—Incomplete phragmocone, 135
mm in length, (USNM 468710; pl. 12, figs. 1, 2) and addi-
tional fragmentary silicified material from the USGS
5067-CO collection, Grier Limestone Member, Ford, Clark
County, Ky.; USNM 468729, Strodes Creek Member, road-
cut Route 89, 5 mi east of Winchester, Clark County, Ky.

Remarks.-—This species is based primarily on silici-
fied material described above from the Grier Limestone
Member in Clark County, Ky. An external mold of a similar
longitudinally striated longiconic nautiloid impressed on
the base of a stromatoporoid coenosteum (USNM 468729)
was also collected by the writer from the higher Strodes
Creek Member of the Lexington Limestone, aiso in Clark
County, Ky. The distinctive, longitudinally incised external
ornament and relatively shallow camerae, coupled with
the expanded, globular siphuncle segments (pl. 12, figs. 1,
2) preserved in the Grier Limestone Member material
indicate placement in the genus Polygrammoceras Foer-
ste as based on the type species P twenhofeli Foerste
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from Upper Ordovician strata exposed on Anticosti
Island, Quebec.

This writer has elected not to erect a new species on
the basis of this material at this time due to the lack of
abundant, well-preserved specimens representative of the
species as well as the limited knowledge of the important
morphological features of the typ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>